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WITH SEVERE MOTOR IMPAIRMENTS 
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ABSTRACT 
PURPOSE: Tbis study will look at the feasibility of Steady State Visually Evoked 
Potential (SSVEP) brain-computer interfaces (BCI) as possible augmentative and 
alternative communication (AAC) systems for individuals who are severely disabled such 
as those with Locked-in Syndrome (LIS). The study intended to test whether there is a 
difference in BCI performance between healthy and impaired individuals and why. 
Specifically, the study focused on the operational competency, such as ocular motor 
function, of the impaired individuals as it relates to performance. Further, the study also 
attempted to explore the contributions of environmental distracts to performance. The 
results oftbis investigation will provide insights valuable for future BCI-AAC 
development and the potential for their acceptance by the AAC and LIS communities. 
METHODS: The study consisted of 12 healthy adults and 5 severely disabled adults 
presenting with 4 different neurological disorders. Tbis study consisted to two parts. The 
first part was an assessment of the communicative abilities of the impaired subjects. The 
assessment was conducted through a video recorded interview, from which 
communication rates were calculated and behavioral observations of each impaired 
subject's communicative behaviors were made with a focus on ocular motor behavior. 
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The second part involved testing of the SSVEP BCI. All subjects performed selection 
tasks from a choice of four directions in the UDLR task. For each trial, the subject was 
prompted to attend to a specific SSVEP stimulus. Each stimulus was selected at random 
to flash at one of four frequencies (12, 13, 14, or 15Hz) (Lorenz, 2012). After 4 seconds, 
the BCI predicted the attended cue direction (Up, Down, Left, Right). If the prediction 
was correct, a "thumbs-up" feedback signal was shown to the subject; a "thumbs-down" 
was shown for incorrect predictions. The UDLR data collected for each trial consisted of 
a table with two columns: one column recorded the ground truth, which was the target 
direction, and one column recorded the decoded, or classified direction. Two additional 
columns were added. One column indicated whether the subject had any ocular motor 
impairment with a 1 or 0. A binary logistic regression was completed to investigate the 
main effect of age, subject group, and ocular motor impairment with respect to BCI 
accuracy. Additionally, observations regarding the affect of environmental distractions 
were also made. 
RESULTS: The results show that the contributions to performance of age, group, and 
ocular motor impairment were all statistically significant. The healthy group achieved an 
average accuracy of 58.4 7% while the impaired group achieved an overall accuracy of 
38.61%. While their average accuracy in four directions were low, four of five impaired 
subjects achieved greater than 60% accuracy in making selections for some directions 
using the SSVEP interface. The variable with the strongest effect was preserved ocular 
motor function (regression coefficient B=1.208, p<O.Ol). Subject group had a moderate 
effect on performance (regression coefficient B=0.344, p<0.05), whereas age had the 
Vl 
weakest contribution to performance (regression coefficient B=O.Oll, p<0.05). 
Additionally, visual and auditory distractions appeared to have affected the performance 
of the healthy group. 
CONCLUSION: Overall, this study showed that healthy subjects obtained higher 
accuracy rates than impaired subjects. Furthermore, operational competency for an 
SSVEP BCI is heavily influenced by the reliability in ocular motor control. The study 
also suggests that impaired subjects have an apparent preference for overt attention when 
making selections. Other factors that appear to have a negative affect on performance 
include distractions and deficits in attention as a resulting from a neurological disorder. 
Finally, the assessment ofthe potential benefit of an SSVEP-based AAC yielded mixed 
results. The current SSVEP device was useful for only one subject. Three subjects would 
not obtain additional benefits from the device. One subject was not able to use the device. 
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The American Speech-Language-Hearing Association (ASHA) defines 
augmentative and alternative communication as a clinical area that attempts to 
compensate for temporary or permanent impairments of expressive language abilities, 
especially in individuals with severe expressive language disorders (ASHA, 2012). The 
causes of these communication disorders may be developmental or acquired. Healthy 
communicators have natural abilities to select and to compose messages that convey their 
intentions via speech. AAC users have major disabilities in this area, which necessitates 
alternative strategies to access and activate messages (Beukelman and Miranda, 2005). 
Alternative access strategies range in many dimensions, from sophisticated computers 
dedicated to communications to "low tech" or "no tech" strategies that use body parts to 
create gestures with remaining function. 
The system of gestures can be a simple as head shakes/nods or as complex as 
manual signing (e.g. , American Sign Language, Manually Coded English). When 
gestures are motorically impossible due to paralysis, many individuals with severe 
disabilities use eye blinks and gaze to convey simple messages such as yes and no 
(Khanna et al. , 2011). Additional external aid is needed when messages are too 
complicated to be expressed via gestures or when the individual does not have the motor 
coordination to sign. A picture board is an example of an aided AAC system in which 
access is achieved by pointing to communication objects with the hand, eyes, or a head-
mounted pointer; objects can include pictures and icons as well as letters, words, and 
phrases (Beukelman and Miranda, 2005). 
Other alternative access strategies employ more sophisticated electronic 
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equipment (e.g. , computers). For users with adequate manual motor control, the most 
well known spelling aid is the keyboard. Many non-speaking individuals can compose 
detailed messages by typing, and the keyboard may be modified according to motor 
impairments and capabilities. For those users with severe disability with severe limb and 
facial motor disabilities, but intact ocular motor ability, eyetracking devices offer a way 
to make selections using eye gaze focus (Beukelman and Miranda, 2005). Whether high-
or low-tech, all of the AAC strategies mentioned require some motor output from the 
user. Unfortunately, individuals with severe motor impairments such as Locked-in 
Syndrome may minimal to no voluntary motor control, including ocular motor control. 
These ocular motor impairments limit the ability of LIS patients to use eyetracking AAC 
devices (Beukelman and Miranda, 2005). For these severely impaired individuals, brain-
computer interfaces have the potential to provide direct access to the users' intentions 
from the brain making it possible for them to broadcast their message. 
Locked-in syndrome (LIS), as first defmed by Plum and Posner (1966), is a state 
in which the brain is fully conscious while the body is fixed in quadriplegia, anarthria, 
and paralysis of all facial muscles except eye movements. There are a variety of 
neurological conditions that may lead to LIS. The most common cause of LIS is a severe 
brainstem stroke causing a bilateral ventral pontine lesion (Laureys 2005), which results 
in a wide range of clinical variations. Patients may present with "bilateral long tract 
motor and sensory signs, crossed motor and sensory signs, dissociated sensory loss with 
Horner' s syndrome (lateral medullary syndrome), cerebellar signs, stupor or coma, 
unilateral deafness, or pharyngeal weakness" (Chua & Kong, 1996). Resulting 
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quadriplegia and anarthria is due to lesions of the corticospinal tract, which contains 
motor fibers that mediate voluntary movements of skeletal muscles, and the corticobulbar 
tract, which controls the facial and associated muscles (Bhatnagar, 2008). The lesion in 
the ventral pons usually spares the ocular motor nucleus in the midbrain and allows the 
patient to make volitional vertical eye movements (Smith and Delargy, 2005). 
The LIS patient remains fully awake, has intact sensation, hears and understands 
speech. Consciousness of LIS patients is preserved because the tegmentum of the pons is 
intact and unaffected. Patients with LIS can be difficult to diagnose because their state is 
similar to a person in a coma, which is a state characterized by lack of wakefulness with 
no evidence of the presence of sleep-wake cycles, whereas a vegetative state is 
characterized by a lack of wakefulness with the presence of sleep-wake cycles (Kwasnica 
et al., 2008). Bauer et al. (1979) further classified LIS into subtypes based on the extent 
of the motor function capability ofthe individual: "(a) classical LIS is characterized by 
total immobility except for vertical eye movements or blinking; (b) incomplete LIS 
permits remnants of voluntary motion; and (c) total LIS consists of complete immobility 
including all eye movements combined with preserved consciousness" (Laureys et al. 
2005). LIS can also result from amyotrophic lateral sclerosis (ALS), which is a motor 
neuron disease characterized by progressive degeneration of upper and lower motor 
neurons. 
Individuals with LIS resulting from brainstem stroke can be expected to have 
significant survival times, especially after the first year. In the acute case of LIS, 
mortality is high with 87% of deaths occurring in the first 4 months (Patterson and 
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Grabois, 1986), while survivors who become medically stabilized can live for decades. 
Doble et al. (2003) reported that the 1 0-year survival rate is 83% and the 20-year survival 
rate is 40%. Many LIS patients carry on meaningful lives. Leon-Carrion (2002) 
conducted a survey of 40 LIS patients belonging to the Association of Locked-in 
Syndrome (ALIS) in France to gather information on the course of LIS. Close to half of 
the respondents (47.5%) reported feeling "good" as compared to only 12.5% reported 
feeling depressed. Furthermore, it was reported that LIS patients: (1) enjoy going out 
(73.2%), (2) are involved in family activities (61.9%) and (3) meet with friends at least 
twice a month (81 %). Since most LIS patients have preserved cognitive abilities, the 
challenge is to find an effective modality for functional expression. BCI may be the 
appropriate solution to unlock the communicative potential in this population . 
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Figure 1 Functional model of an SSVEP-based BCI (Zhu et al., 2010). 
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For users who have no motor ability to indicate intention, BCI takes the electrical 
activities of neurons converts these signals into understandable expressions. Kubler 
(200 1) described the components of BCI systems as having three parts, " first, the 
electrophysiological activity of the user's brain, which produces the input; second, the 
interface itself, which translates the electrophysiological activity into signals that control 
an application; and, third, the application-for example, a program to realize verbal 
communication" (see example in Figure 1). The electrophysiological signals of the brain 
can be obtained by invasive methods (Kennedy & Bakay, 1998; Bartels et al., 2008; 
Hochberg et al. , 2006) such as direct implantation of electrodes or non-invasive methods 
such as electroencephalography (EEG) (Nijboer et al. , 2008; Wolpaw & McFarland, 
2004). Non-invasive neurological recording methods are the most common (Kubler and 
Birbaumer, 2008), specifically EEG recorded from scalp surface electrodes. BCI 
interfaces often require users to perform a mental task such as to visually attend to certain 
regions on the screen (where a visual stimulus is presented) or to imagine, or attempt, 
moving a body part to elicit task-related brain activity, resulting in modulations of visual 
and motor cortical EEG signals, respectively. Within the EEG modality, a number of 
rhythms and potentials have been used for BCI control, including both exogenous EEG, 
which is generated with sensory stimuli, endogenous EEG, which is evoked without 
sensory stimuli. BCI paradigms that use exogenous EEG include event-related potentials 
(ERPs; e.g. , the P300) (Donchin et al. , 2000), steady state visual evoked potentials 
(SSVEP) (Sutter, 1992). BCI paradigms that use endogenous EEG include slow cortical 
potentials (SCP) (Birbaumer et al. , 1999), sensorimotor rhythms (SMR) and event-related 
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(de)synchronization (ERD/ERS) (Pfurtscheller and Neuper, 2001). BCI applications can 
be designed for almost any purpose; computer-based AAC systems are one such 
example. All of the BCI methods mentioned are primarily designed to allow users to 
make simple selections, some of which may provide text-to-speech output to speech 
generating devices (SGD) that verbalize user selections (see Brumberg and Guenther, 
2010 for a review). 
The current study focuses on a BCI-AAC device that uses visual stimuli to elicit 
the SSVEP signals for BCI control severely disabled subjects. When stimulated by a 
visual stimulus such as a flashing light, the retinal photoreceptor cells discharge a signal, 
which is transferred to the visual cortex in the occipital lobe. This signal is known as 
visual evoked potential (YEP). The time-delayed sum of the electrical activities of 
visually sensitive neurons in an area below the scalp can be detected by EEG (Yoshimura 
and ltaukura, 2011). This synchronous signal is referred to as SSVEP. The SSVEP signal 
is detected by occipital (e.g., visual) electrodes when a flickering, or strobe, stimulus is 
presented and visually observed. The elicited cortical oscillations occur at frequencies 
that match the strobe stimulus with respect to base frequency and harmonics. With an 
SSVEP paradigm, a device can be made with frequency-distinct selectable options 
presented on visual grids in which each grid location has its own strobe rate. In this way, 
users may select letters, symbols, or pre-made phrases (Sutter, 1992). An alternative grid 
selection protocol using fewer frequency-tagged stimuli, involves cursor navigation along 
cardinal directions by attending to a flickering stimulus associated with a specific 
direction (up, down, left, right). BCI algorithms are able to discriminate each of the 
6 
frequency-tagged neurological signals and determine the intention of the user via 
mapping the resultant oscillations to the locations of attended stimuli. Thus, the user' s 
area of focus can be determined. 
The ease of use and performance make SSVEP a practical choice for AAC 
development. It offers the possibility ofhigh information transfer rates (Zhu et al. , 2010) 
with minimal training time required for the user (Kelly et al., 2005). Noise and artifacts 
can be reduced via signal processing. Some of the drawbacks to SSVEP include the 
possibility of user fatigue after prolonged exposure to flashing stimuli. Furthermore, the 
flashing stimuli may not be appropriate for users with photosensitive neurological 
disorders. Also, the functional use of an SSVEP system may be dependent on eye 
movement, which may limit its potential as an AAC for individuals in the complete 
locked-in state (Martinez et al. , 2007). 
Any effective application of AAC intervention must be tailored to the user' s 
needs and abilities (Beukelman and Miranda, 2005; Higginbotham et al. , 2007). 
Determining user ability, such as operational competence, is an essential part of any AAC 
assessment. Light (1989) defined operational competence as "the technical skills required 
to operate the system, including skills to use the access method or transmission skills to 
operate specific device features (e.g. on/off switch, volume control, output mode 
selection, etc.)" . For example, Bates (2002) suggests, in the case of spinal cord injury, 
that the interface sensors should be placed according to the level of injury. Specifically, 
an eye tracking device may be appropriate for individuals with injury at the C 1 level 
whereas shoulder switches may be appropriate for individuals with an injury from C3 to 
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C5. Lindsay, Siegel, and Parnes (1988) study suggests that cognitive demands for use of 
any AAC system should be minimized to maximize user proficiency. Kraat (1984) added 
that user proficiency in system operation does not necessarily ensure functional use. 
Researchers have only begun to investigate the characteristics and abilities of 
users with respect to BCI performance. Allison and Neupert (2010) estimated that these 
early results show approximately 20% of healthy users are not proficient BCI users anq 
little defmitive evidence exists to explain the poor performance. Guger et al. (2012) 
found that the performance on a P-300 BCI may depend upon user characteristics such as 
sex, education, and the amount of cigarette or coffee consumption. Even though their 
results were not significant, Allison et al. (2008) observed that subjects who are female 
and those with a gaming background tended to perform better with an SSVEP BCI. There 
are even fewer studies investigating the operational competency of severely impaired 
patients. Current BCI studies have determined there are differences in motor imagery 
performance between healthy and impaired users (Hill et al. , 2002), and physiological 
and motivational factors may be involved in P300 speller accuracy (Kleih et al., 2011). 
Conflicting reports also exist concerning physical impairment and BCI performance. 
Even though Kubler and Birbaumer (2008) found no correlation between impairment and 
performance in a variety ofBCI systems (SCP, SMR, P300), no attempt was made to 
explain the heterogeneity in performance within the impaired subjects group. In contrast, 
a recent P300 study concluded that accuracy is dependent on ocular motor abilities 
(Brunner et al. , 2010). In order for BCI to become a mainstream AAC solution, more 
research is needed to understand the impact of individual differences on performance. 
8 
For BCis that are heavily reliant on visual input, such as P300 and SSVEP, 
visuospatial attention is an essential element to performance (Kubler et al. , 2001). This 
type of attention exists in two distinct forms: overt and covert. Overt attention refers to 
the shift of attention involving observable saccadic movements. Covert attention is the 
act of attending without any eye movements (Posner, 1980). Results from a study 
involving healthy subjects using the ERP-based Farwell and Donchin speller has shown 
that overt attention is differentiable from covert attention by having larger ERP amplitude 
modulation (Treder and Blankertz, 2010). SSVEP studies with mostly healthy subjects 
and limited impaired subjects have reflected that the ability to shift gaze was essential to 
performance (Sutter, 1992; Middenford et al., 2000, Cheng et al. , 2002). In contrast, more 
recent studies have shown that covert attention alone is sufficient to stimulate an increase 
in SSVEP activity at corresponding frequencies (Muller et al. , 2003, Kelly et al. , 2005a; 
Kelly et al. , 2005b). However, these results have not been validated with subjects unable 
to control gaze (Allison et al., 2008). There has been evidence for the functional use of 
P300-based BCI requiring only covert attention (Lui et al. , 2011; Marchetti et al. , 2012). 
Lui et al. (2011) modified the classical p300 speller and showed that healthy users can 
achieve effective use without eye movement. More recently, Marchetti et al. (2012) used 
voluntary orientation of vi suo spatial attention, independent of gaze shift, can improve 
performance in a P300 BCI. 
Another factor that may contribute to BCI performance is distraction. Any stimuli 
that disrupt the selective attention between the user and the BCI can be consider a 
distraction. Studies have shown that visual (Allison et al., 2010) and auditory (Cheng et 
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al., 2002) distractions can negatively impact performance in SSVEP tasks. To date, most 
studies have been conducted in well-controlled laboratories with healthy patients (Allison 
and Neupert, 2010). A functional AAC device must be functional in naturalistic 
environments outside of the laboratory. The current study is conducted in a more natural 
setting in the hopes of describing the affect of distractions on the performance of 
impaired users in a naturalistic setting. 
Purpose and rationale 
The purpose ofthis study is to examine the operational competency of individuals 
with severe communicative disabilities in relation to BCI performance. It is possible that 
an investigation of the underlying skills needed to operate a BCI device will help shed 
light on such variations in user performance. This goal will be addressed in the following 
steps: 1) to assess the communicative abilities of severely disabled individuals 2) to test 
an SSVEP BCI in healthy and LIS subjects 3) observe ocular motor behavior in impaired 
subjects during SSVEP tasks and 4) evaluate user performance with respect to ocular 
motor abilities and attention. The ultimate goal of this work is a guide for BCI-AAC 
assessment and feature implementation, and to assess usability in terms of ease of 
learning, ease of use, and other factors prohibiting effective use. It is difficult to perform 
comprehensive group studies of the target population due to the low incidence of LIS; 
therefore, this study will primarily contribute to a record of individual behaviors and 
outcomes. 
Hypotheses and Goals 
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This study will investigate factors that may affect the application of SSVEP as an 
AAC system input modality. Many individuals in the intended user population have 
impaired ocular motor behavior (Reznik, 1983), and it is not known how ocular deficits 
affect the generation of SSVEP signals. If subjects can sufficiently attend to the strobe 
stimulus, we expect no differences in performance from healthy controls. However, if 
ocular motor or attention mechanisms are not sufficient, performance could be decreased 
(Sutter, 1992; Middenford et al., 2000, Cheng et al. , 2002). Outside of user abilities, there 
may be other environmental factors such as visual and auditory distractions that may 
affect performance. Since SSVEP tasks require the subject to attend to visual stimuli, we 
expect that any event that disrupts the subject's focus will reduce performance. By 
establishing a baseline of ocular motor behavior and attention, this study will contribute 
to a benchmark assessment for future SSVEP-BCI intervention. After all factors are 
optimized, it is still unknown whether the proposed SSVEP-based AAC offers LIS 
subjects any benefits over their current communication methods, such as faster message 
output or access to more scanning options. To summarize, the main objectives of this 
project are to answer the following questions: 
• 
• 
• 
Is there a difference in accuracy between healthy and impaired subjects? 
How does ocular motor behavior affect selection accuracy? 
Do visual and auditory distractions affect user's performance on SSVEP 
tasks? 
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Subjects 
• Does an SSVEP-based AAC increase the rate of message transmission 
over the current communication method of the LIS subjects in the study? 
What are the potential benefits? 
METHODS 
The experimental procedures used for this project were approved by the BU 
Institutional Review Board (protocol2711E) and all study staff have completed Human 
Subjects Protection Training. The study involved both healthy subjects and subjects with 
Locked-in Syndrome. Healthy subjects were provided with informed written consent 
prior to participation. LIS subjects provided communicative assent to study procedures 
and informed written consent was obtained by their legal guardians. All experimental 
procedures were conducted in one two-hour session. Subjects were compensated ($25) 
for their participation and LIS subjects were compensated for parking costs. 
Both male and female study participants recruited met the following criteria. 
1) The impaired subject group (P-group) was composed of individuals with self-
reported paralysis leading to quadriplegia due to spinal injury, stroke, or a 
degenerative neurological disorder, were native English speakers, had adequate 
hearing and vision (corrected), reported no other neuro-cognitive disorders and 
were able to breathe unassisted for the duration of the experimental session. No 
visual, motor, or cognitive deficits were reported for any of the individuals in the 
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study. Due to the nature of the SSVEP stimulus presentation method, participants 
also had no prior history of epilepsy or susceptibility to seizures induced by 
flashing light. Individuals who require ventilation 24 hours per day were excluded 
from the study. 
2) The healthy control subject group (H-group) was composed of age-matched males 
and females who were native English speakers and did not report any speech and 
hearing difficulties. The healthy subjects also reported no history of epilepsy or 
susceptibility to seizures. 
There were 12 healthy subjects in the study: 4 males and 8 females, all of whom were 
native English speakers who did not report any current speech or hearing difficulties. The 
age ofthe subjects ranged from 22 to 65 years with the average age of31.75 and standard 
deviation of 15.85 years. Eleven of twelve healthy subjects had obtained a bachelor's 
degree. Two more subjects, one male and one female, also participated in the study. 
However due to technical difficulties the data obtained were deemed invalid and were 
excluded from the analysis. 
There were 5 impaired subjects in the study: 4 males and 1 female, all of whom 
presented with paralysis leading to paraplegia or quadriplegia due to spinal injury, stroke 
or a neurological disorder. The age of the subjects ranged from 29 to 64 years with the 
average age of 46 and a standard deviation of 16 years. The specific descriptions of each 
LIS patient at the time of the study are described here. JS was a 45 year-old male 
diagnosed with ALS for 5 years. He was a former medical doctor. DS was a 61 year-old 
male who has been diagnosed with ALS for 27 years. He was a former engineer. DS used 
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a respirator, which was turned off and not required for life support during the experiment 
in accordance with the standard protocol. JR was a 31 year-old male who had a traumatic 
brain injury for 9 years. He was a former bartender. SS was a 64 year-old female who 
was diagnosed with Progressive Supranuclear Palsey (PSP) in 2009. She was a former 
high school math teacher. ER was a 29 year-old male who had a brainstem stroke 
following a TBI 13 years ago. In this cohort, ERand JR meet the criteria for LIS, while 
the other subjects present with various presentations of severe motor disabilities. 
Environment 
All of the experiments involving healthy subjects and a LIS subject, JS, were 
conducted at the Neural Prosthesis Lab at Boston University. In general, the experiments 
at BU were conducted under a laboratory where environment visual and auditory 
distractions were kept to a minimum. Experiments involving LIS subject DS were 
conducted in his home in Connecticut. Experiments involving JR, SS, and ER were 
conducted at Neural Signals Inc. in Atlanta, GA. Both the laboratory at Neural Signals 
and DS ' s home represented naturalistic conditions in which visual and auditory 
distractions were more difficult to control. The study hoped to compare BCI performance 
in a laboratory environment, where the majority of studies were conducted, and a 
naturalistic environment, where only few studies have explored (Allison and Neuper, 
2010). 
Procedures 
Video recordings were used to capture both the subjects ' verbal and nonverbal 
communicative attempts, These recordings were analyzed to assess the subjects ' 
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capabilities in speech, motor function and compensatory strategies, which the subjects 
relied on to communicate. 
For the BCI tasks, all subjects wore a cap fitted with scalp electrodes to detect the 
EEG signal primarily from the occipital lobe (g.MOBilab+, Guger Technologies, Graz, 
AT). The cap was placed such that the Cz electrode (according to the international 10-20 
system, Jasper, 1958) was at the halfway point of the distance between nasion, the 
depressed area directly between the eyes and superior to the bridge of the nose, and inion, 
the most prominent projection of the occipital bone at the posterioinferior part of the 
skull. Conductive gel was applied to active electrodes over the scalp visual area 
(locations 01 , Oz, 02), an electrooculography (EOG) electrode (location AF8), the 
ground electrode placed on the forehead and a reference electrode clipped to the right ear 
lobe. EEG signals are recordings of the changes in potential over time between the active 
electrodes and the reference electrode. The ground electrode is needed so that the 
background electrical activity can be eliminated from the recording. Prior data 
determined that the occipital electrode positions were optimal for recording SSVEP data 
(Lorenz, 2012). The experimenters also interviewed the LIS subjects to complete the 
questionnaire about current communication abilities. 
Questionnaire 
LIS subjects answered a questionnaire (Appendix A) designed by the 
experimenter to capture the communicative profile of a LIS patient and assess whether 
this SSVEP input method can meet the communicative needs of each subject. The 
questions sampled subject characteristics ranging from basic history of the patient, such 
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as education level and age, to sensory and cognitive abilities, including vision and 
reading ability. Subjective information was also collected regarding the hopes and 
expectations of each LIS patient to improve their communication method. The answers 
were obtained in an interview format so that observations can be made about each 
patient' s communicative abilities. Most questions were answered before the actual 
SSVEP tasks and a few were answered following the session to gather information about 
the patient' s experience. To gain a complete communicative profile of each LIS patient, a 
similar questionnaire was administered to the caretakers of the patients. Healthy subjects 
also completed the questionnaire, excluding any questions pertaining to their use of 
AACs. 
After completing the initial questionnaire and interview the subjects then 
participated in the SSVEP tasks. Development and execution of the SSVEP tasks was 
done in conjunction with Dr. Sean Lorenz in the Program in Cognitive and Neural 
Systems as a part of his Ph. D. dissertation research. Details of the tasks are provided in 
the sections following SSVEP stimulus descriptions. Subjects completed two tasks: 1) 
Frequency Sweep, 2) Up-Down-Left-Right (UDLR). 
SSVEP 
SSVEP stimuli use flickering luminance contrasts to elicit synchronous, 
oscillating EEG signals. In each SSVEP task, the seated subject was asked to focus on a 
computer screen (Figure 2) on which four checkered areas that were 600 x 100 pixels 
placed at the top and bottom of the screen and a 90-degree rotation ( 100 x 600 pixels) 
placed at the left and right sides of the screen. All stimuli flashed at unique frequencies . 
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In some tasks, text appeared directing the subject to focus on a single checkered area in a 
specific direction (up, down, left, right). The font of the text was Helvetica at size 48 to 
ensure adequate readability when read from a distance. During each trial the subject was 
asked to only focus on one area while ignoring the other competing signals. In other 
tasks, the users were asked to move a cursor toward a target on a grid by focusing on the 
checkered area that corresponded with the intended direction. Each experiment lasted 
between 6-15 minutes and users were informed when the task was over. 
14Hz 
Competing 
Signal 
12Hz 
UP 
13Hz 
Competing 
Signal 15Hz 
Figure 2 This is the screen that appears in front of the user in the BCI tasks descr ibed 
below. There are 4 checkerboards flashing at different frequencies. The user is asked to 
focus on one checkerboard at a time. In this example, the user is asked to look "UP" which 
corresponds to the top checkerboard flashing at 12 Hz. 
UDLR experiment trials were performed until60% accuracy was reached or the 
subject requested a break. In early trials of this study, it was observed that healthy subject 
who achieve 60% accuracy on UDLR were more likely to complete the Grid tasks 
17 
successfully. Consequently, a 60% accuracy rate was designated as the minimal 
competency of the SSVEP system in this study. If the accuracy score was higher than 
60%, the subject then participated in the Grid Tasks. The grid tasks were intended as 
proxies for computer-based AAC devices with the purpose for both to collect usability 
data including: time to reach intended target grid locations and ease of use as a function 
of grid size. However, due to technical difficulties the Grid Tasks were not included in 
this study. Each SSVEP task used in the study is described below. 
Frequency Sweep Experiment 
For this task, the subjects were shown one of four cues on the screen: up, down, 
left, or right indicating the target stimulus to attend. Each stimulus was selected at 
random to flash at one often frequencies [6.67, 7.0, 7.5, 8.0, 8.57, 12.0, 13.0, 14.0, 15.0, 
16.0 Hz] (Lorenz, 2012). After 5-7 seconds, the trial stopped, the screen cleared and 
another direction cue was displayed. Each frequency was chosen at random as the target 
and repeated 5 times per frequency, resulting in 50 total trials per run. Even though the 
SSVEP were recorded, no BCI decoding data was collected. The purpose of this task was 
to acclimate all subjects to the SSVEP-eliciting stimuli. 
UDLR [Up, Down, Left, Right] Experiment 
For this task, the subject was shown one of four cues on the screen: up, down, left, 
or right indicating the target stimulus to attend. Each stimulus was selected at random to 
flash at one of four frequencies (12, 13, 14, or 15Hz) (Lorenz, 2012). After 4 seconds, 
the BCI predicted the attended cue direction. If the prediction was correct, a "thumbs-up" 
feedback signal was shown to the subject; a "thumbs-down" was shown for incorrect 
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predictions. Four runs were performed by each subject with each run consisting of20 
total trials- five repetitions per flicker frequency in each of the four stimulus directions. 
The purpose of this task was to evaluate decoder effectiveness and to teach the subject 
how to interact with the BCI. 
During the SSVEP tasks, subjects were asked to keep the head still and restrict 
eye movements to a minimum to reduce any unintended neurological activities that may 
interfere with the SSVEP recording. Additionally, for all settings the experimenters kept 
conversations and movements to a minimum to limit distractions as much as possible so 
that distractions other than those native to that setting are minimized. The subjects were 
allowed to request a break at anytime during the session. After all SSVEP tasks were 
complete, the cap was removed, disinfected and subject's head cleaned. Then the subjects 
completed the post-experiment questionnaire. Observations and performance analysis 
were completed after the session. 
Data Collection 
The goal of this analysis was to determine the relationship between each LIS 
subject's operational competency and the respective BCI performance. The data on the 
individual's current motor, sensory, communicative profile and BCI performance can be 
used to determine whether BCI can meet the communicative needs of that person. The 
process of exploiting a user ' s available competencies is crucial in designing an effective 
BCI-AAC to decrease barriers to communication for impaired individuals. 
Each video recorded communication act by LIS subjects throughout the session 
was transcribed and timed offline. Quantitative information about the efficiency of the 
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subject' s current communication method, such as communication rates, was obtained. 
The duration of each communicative act produced by LIS subjects was determined by 
measuring the time from the end of the experimenter's question to the end of a subject's 
response. ForDS, the end of most ofhis responses occurred when his wife's verbal co-
construction stopped. The end of the responses from JR, SS, and ER, either 
independently or with caregiver assistance, was when the experimenter acknowledged the 
response. For JR and ER, the experimenter waited for what he interpreted as a voluntary 
blink or upward eye gaze following each response and spoke "yes/no" depending on the 
response. Each communicative act was coded into English words (e.g. , thumbs up I eyes 
up= yes). The transcribed message was used to calculate utterance length, words per 
utterance, word duration, and words per minute. Simultaneously, the subject's positioning 
and motor ability was informally assessed and presented in the Feature Matching Tables 
(Costello and Shane, 2012) for possible future alternative BCI access modalities, and for 
the current task involving ocular motor ability (See Appendix C-F). This study only 
accounted for presence ocular motor impairment of each subject as reported via the 
questionnaire and observations made by the experimenter during the interview. No 
quantitative data regarding ocular motor function was obtained. Due to technical and 
logistical challenges, no video recording was obtained for LIS subject JS. 
The second portion of the analysis included the observations and objective 
performance from the SSVEP tasks. Accuracy scores for individual directions and the 
combined average were collected and analyzed from all trials for each subject. The 
UDLR data collected for each trial consisted of a table with two columns: one column 
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recorded the ground truth, which was the target direction, and one column recorded the 
decoded, or classified direction. Two additional columns were added. One column 
indicated whether the subject had any ocular motor impairment with a 1 or 0. The other 
column listed the accuracy by indicating whether the ground truth and the decoded 
direction match with a 1 or 0. This data was analyzed with the IBM SPSS Statistics 2.0 
software. Confusion matrices containing accuracy rates were constructed for each group 
and each impaired subjects. Additionally, these matrices were used to calculate false 
negative and false positive rates, which are both false detections. A binary logistic 
regression was completed to investigate the main effect of age, subject group, and ocular 
motor impairment with respect to BCI accuracy. A logistic regression was used instead of 
a linear regression because the dependent variable, accuracy, was represented by two 
discrete states rather than a continuous variable. 
The behavior of the subjects during the SSVEP tasks was observed and 
interpreted against their current motor, sensory, and communicative profile to investigate 
any trends affecting performance. Additional observations were made during the 
experiments and through offline video analysis to identify potential environmental factors 
that may impact SSVEP performance (e.g., excess distractions, subject movement) or 
subject factors including attention and fatigue, with an emphasis on ocular motor 
behavior. Altogether, the assessment of the users' performance and their individual 
characteristic will determine whether this SSVEP-based selection method is an effective 
communication method for the impaired subjects in the study. 
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RESULTS 
Baseline Communicative Performance and Survey Results 
The impaired group consisted of five different neurological disorders. All 
impaired subjects received at least a high school education and were able to read before 
the onset of their disorder; however, two of the five subjects reported current reading 
difficulties. While most subjects did not report any trouble with their vision outside ofthe 
need for corrective lenses, two subjects reported difficulties with ocular motor control. 
Most subjects also reported some volitional control ofhead/neck/face movements. 
Subject JS did not complete the questionnaire. 
The impaired individuals used a variety of AAC methods to communicate. For 
example, JR only communicated via blinking, whereas DS used facial expressions and an 
eye-tracking computer. In order to gauge the subjects' level of motivation, questions were 
asked to rate the difficulty of learning their current communication method and the 
expectations regarding their hope of benefitting from the SSVEP device in the study. The 
difficulty rating varied, with DS reporting relative ease in learning to communicate and 
ER reporting the most difficulties. A wide range in rating was also noted for expectation 
level, from DS reporting high expectations to ER reporting no expectations. These and 
other most relevant are shown in Table 1. 
The interview questions posed to the impaired subjects do not have known ground 
truths; therefore no accuracy rate was calculated for the responses. It should be noted that 
the communication rates listed here were calculated relative to the perception of the 
experimenter, who is unfamiliar to each of the impaired subjects. Furthermore, it is likely 
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that familiar communication partners may be able to interpret each subject' s 
communication partner quicker and more accurately. 
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JS DS JR ss ER 
Diagnosis ALS ALS TBI PSP TBI, brain 
stem stroke 
Age 45 61 31 64 29 
Education Graduate Graduate School High Graduation High 
school School School School 
Can you focus to learn new N/A Yes Yes No Yes 
task? 
Do you have trouble N/A No No Yes Yes 
understanding what you read? 
Do you have trouble N/A No No No No 
understanding people? 
Do you have trouble with your N/A No No Yes No 
vision? 
Do you have any trouble seeing N/A No No Yes No details or fine print? 
Do you wear corrective lenses? N/A No No Yes Yes 
Can you move your eyes up and N/A Yes Yes No Yes down? 
Can you move your eyes left N/A Yes Yes Yes No 
and right? 
Can you blink voluntarily? N/A Yes Yes Yes Yes 
Do you have trouble hearing? N/A No No Yes No 
Do you have any movements N/A Yes Yes Yes No 
on your head/neck/face? 
facial gestures, 
expressions, some 
Current AAC method N/A partner assisted blinking speech, eye gaze, 
spelling, eye- alphabet blinking 
tracking computer board 
Do you like your current AAC N/A Yes No No Yes 
method? 
Difficulty rating for current N/A 1 3 3 5 AAC (1-5) 
Initial feelings (pre-trial) N/A curious, excited, skeptical excited, skeptical, 
skeptical curious apathetic 
Expectations (1-5) 4 NIA 3 1 
Utterance Duration (s) N/A 4.49 5.9 2.2 5.6 
Words/Utterance N/A 2.56 1 1 1 
Word duration (s) N/A 1.17 5.9 2.2 5.6 
Communication Rate 20 51.28 10.17 27.27 10.71 (words/min) 
Number of utterances 94 21 5 35 
Table 1 This table reports the answers to the questions about the subjects' baseline 
communicative abilities that most relevant to the current study (See Appendix B for full 
results). Some questions required the use of a Likert scale. The subjects were asked to rate 
the difficulty of learning their current communication method on a scale of one to five with 
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one being the very easy and five requiring focused practice. They were also asked to rate the 
expectations for the trial with one as having no expectations that the device would benefit 
them and five as very high expectations that they will benefit from the AAC device. Also 
included in the study are baseline measures of each individual's communicative ability. 
JS 
For two years, JS communicated with the eyetracking AAC called the DynaVox 
EyeMax System, on which he could spell approximately 20 words per minute indicating 
excellent ocular motor control and attention. Functionally, JS could compose an email in 
an hour. No other baseline information was available, as he did not complete the 
questionnaire due to logistical difficulties. 
DS 
DS communicated primary by approximating letters with his lips and jaw to spell 
and convey simple words. His wife assisted by interpreting and co-constructing his 
approximations into complete, frequently complex sentences. He gained listeners ' 
attention by moving his bottom jaw to click his teeth together. The experimenter(s) 
understood some ofDS ' s oral approximations without any assistance from his wife. DS 
additionally used his eyebrows to answer yes/no questions, which were very distinct and 
reliable. The average duration ofDS 's utterances was 4.49 seconds per utterance. Each 
utterance consisted of 2.56 words. Each word lasted 1.17 second, on average. He 
communicated at a rate of 51.28 words per minute. During conversations, he controlled 
his gaze adequately to follow and make eye contact with his conversation partners. DS 
displayed all appropriate social pragmatic skills in the interactions with the 
experimenters, which included making jokes and welcoming guests with a cordial 
reception. DS frequently used an eyetracking device to interact with a computer interface 
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to effectively to compose emails or browse the Internet. His wife reported that the 
eyetracking device required focused practice and quickly caused eye fatigue. 
Additionally, DS also demonstrated effective use of partner-assisted spelling with an 
alphabet board. 
JR 
JR's primary means of communication involved some facial expressions and 
blinking to express "yes/no". JR did not have total control of his blinking, which resulted 
in numerous unreliable responses due to difficulty in distinguishing a voluntary response 
from the frequent involuntary blinks. Even JR' s parents reported difficulty interpreting 
his blinking. Significant assistance was needed in interpreting JR' s responses from his 
parents during the interview. Many times, it was observed that JR's conversation partners 
had anticipated answers and looked for matching signs from him. The process of 
engaging and answering interview questions appeared to have caused JR to fatigue before 
he performed any SSVEP tasks. Statistically, JR averaged one word per utterance. Each 
utterance/word lasted, on average, 5.9 seconds. JR also exhibited other involuntary 
reactions such as laughter when he heard beeping sounds. While JR could not laugh 
voluntarily, his father reported that he understood and often laughed appropriately during 
humorous situations. 
ss 
SS's spoke in a monotone, monopitch, and strained voice with decreased 
loudness. Her verbal output was limited to "yes" and "no" responses that were highly 
unintelligible to the unfamiliar listener. In addition to speech She communicated by head 
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movements, using eye gaze, pointing, making thumbs up and thumbs down gestures with 
her right hand, and manipulating a magnetic alphabet board. SS's caregivers reported that 
she often attempted to compose long sentences with the magnetic alphabet board and 
struggled to keep her messages short and functional. During the interview, SS used the 
thumbs-up and thumbs-down gestures, which appeared to be her most efficient method of 
communication, to answer questions. Due to technical difficulties, only five utterances 
were recorded for SS. She averaged one word per utterance. Each utterance/word lasted, 
on average, 2.2 seconds. During the session, she displayed symptoms associated with 
PSP, such as general slowness and stiffness of movement, slow speech, slow lateral eye 
movement and difficulty with vertical saccades, especially downward gaze. SS wore 
glasses and has had a history of vision problem. It was reported the she had a corneal 
transplant in her left eye and currently has no functional vision in that eye. 
ER 
ER was capable of partner assisted scanning with a letter board, but lost reliable 
control of his eyes after contracting pneumonia soon after his stroke. His current primary 
means of communication was by moving his eyes vertically; up for "yes", down for "no". 
Blinking was also sometimes used to emphasize affirmative answers. Significant 
assistance was needed from ER's father to interpret his behavior, as it was difficult to 
distinguish his voluntary from involuntary blinking. His father reported that ER usually 
answered very quickly and his intention could be easily missed. Statistically, ER 
averaged one word per utterance. Each utterance/word lasted, on average, 5.6 seconds. It 
was frequently observed that ER's conversation partners anticipated answers and looked 
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for matching signs from him. His father estimated that ER understood and could follow 
the speech of a conversational partner. It is also reported that ER fatigued and lost focus 
easily, especially if the activity is cognitively taxing. 
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Figure 3 Average accuracy rates of all subjects in the study. Subjects IDs starting with "H" 
indicate a healthy subject. Subject IDs starting with "P" indicate in impaired subject. The 
error bars are standard deviations calculated from the accuracy from individual directions 
(Up, Down, Left, Right). 
UDLR Trials Overall Up Down Left Right 
Trials per (12Hz) (13Hz) (14Hz) (15Hz) 
subject 
P-group 22 4.4 38.61% 56.44% 38.61% 40.59% 18.81% 
H-group 60 5 58.47% 80.13% 58.31% 49.19% 46.25% 
Table 2 Performance of both groups in terms of accuracy percentage. 
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A binary logistic regression was completed to investigate the main effect of age, 
subject group, and ocular motor impairment with respect to BCI accuracy. The results 
show that the contributions to performance of age, group, and ocular motor impairment 
were all statistically significant. The variable with the strongest effect was preserved 
ocular motor function (regression coefficient B=1.208, p<O.Ol). Subject group had a 
moderate effect on performance (regression coefficient B=0.344, p<0.05), whereas age 
had the weakest contribution to performance (regression coefficient B=O.Oll , p<0.05). 
To isolate the effect of ocular motor function on the performance, the same regression 
analysis was run on the impaired group alone, as no healthy subjects reported any ocular 
motor impairment. The result showed that ocular motor function had a statistically 
significant contribution to performance (regression coefficient B=1.341 , p<O.Ol). 
The confusion matrices (not shown) revealed the accuracy rates for both groups 
and all impaired individuals. Overall, the P-group achieved an overall accuracy of 
38.61% after 22 trials of the UDLR task with an average of 4.4 trials per subject. The H-
group achieved an overall accuracy of 58.47% after 60 trials of the UDLR task with an 
average of 5 trials per subject. It should be noted that improvements in accuracy scores 
with progressive trials were observed in some healthy subjects but not others. In both 
groups, Up was the direction with the highest accuracy rating. The accuracy declined as 
the stimuli frequency increased. 
The most accurate direction for both healthy and impaired subjects was Up at 
80.13% and 56.44%, respectively. Healthy subjects exhibited the highest false negative 
and false positive rates for Right. Paralyzed subjects also exhibited the highest false 
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negative rate for Right, but exhibited the highest false positive rate for Up. It should be 
noted that the true negative values below included instances where the user was asked to 
ignore three directions. Therefore the sum of false positives and true negatives do not 
equal 1 00% as would be classically expected. 
Up Down Left Right 
True Positive 80.13% 58.31% 49.19% 46.25% 
False Negative 19.87% 41.69% 50.81% 53.75% 
False Positive 53.23% 36.07% 12.61% 71.00% 
True Negative 69.60% 89.03% 92.29% 93.70% 
Table 3 Sensitivity and specificity results for the H-group. The highest value for each 
category is bolded. 
Up Down Left Right 
True Positive 56.44% 38.61% 40.59% 18.81% 
False Negative 43.56% 61.39% 59.41% 81.19% 
False Positive 66.47% 58.51% 6.86% 50.00% 
True Negative 62.71% 81.85% 79.87% 93.73% 
Table 4 Sensitivity and specificity results for the P-group. The highest value for each 
category is bolded. 
An examination of decoder classification trends showed that Up was classified 
most frequently for the both the healthy and impaired groups at 42.8% and 41.10%, 
respectively. Similarly, the direction in which the decoder selected the least frequently 
during classification was Right. 
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P-group individual results 
The performance of the LIS subjects varied greatly with overall accuracy ranging 
from 18.75% to 73% per individual. There were even more variations in the accuracy for 
each specific direction ranging with SS unable to attend in the Down direction at 0% and 
JS almost perfect in the Up direction at 92%. After the experiment, the subjects were 
asked to rate their expectations of the system on a scale of one to five with one as having 
no expectations that the device would be useful to them and five as having very high 
expectations that they will benefit from the device. The user expectations after the trial 
also greatly varied from the low expectations of ER to the high expectations of JR. It 
should be noted that JR's communicative output throughout the session were generally 
umeliable, even to his caretakers. The subjects were also asked to rate the difficulty of 
learning their current communication method on a scale of one to five with one being the 
very easy and five requiring focused practice. All users agreed that practice is required in 
order to become proficient with the current SSVEP system. 
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JS DS JR ss ER 
Number of 4 7 4 3 4 Trials 
Overall 73.00% 34.52% 18.75% 30.00% 26.25% 
Accuracy 
Up Accuracy 92.00% 33.33% 40.00% 40.00% 65.00% 
Down Accuracy 72.00% 76.19% 5.00% 0.00% 20.00% 
Left Accuracy 84.00% 19.05% 20.00% 66.67% 10.00% 
Right Accuracy 44.00% 9.52% 10.00% 13.30% 10.00% 
excited, curious, excited, Post-trial N/A felt he performed excited hopeful apathetic, . . ImpressiOn poorly CuriOUS, hopeful 
Expectations of N/A 4 5 3 1 Technology 
Difficulty to N/A 5 4 3 4 learn SSVEP 
Table 5 This table shows the performance of each impaired subject in terms of accuracy 
percentage. The highest accuracy rate for each direction is highlighted in bold. The table 
also includes responses regarding post-trial expectations and difficulties of learning the 
current selection method. Both questions utilized Likert scale (1-5), with one indicating the 
minimal expectations or difficulties and five indicating the maximum expectations or 
difficulties. 
JS 
JS completed four trials of the UDLR task with the highest accuracy of all 
impaired subjects with 73% correct overall. There was no trend indicating improvement 
over progressive trials. His most accurate direction was Up at 92%, followed by Down at 
72%, Left at 84%, and Right at 44% However, JS exceeded the minimal competency 
criterion of 60% accuracy for Up, Down, and Left. Hi false detections occurred most 
frequently to the Right. JS ' s ocular motor control was not recorded but was assumed to 
be high because of his competence with EyeMax. 
32 
JS Up Down Left Right 
True Positive 92.00% 72.00% 84.00% 44.00% 
False Negative 8.00% 28.00% 16.00% 56.00% 
False Positive 34.29% 25.00% 7.14% 84.62% 
True Negative 84.00% 92.00% 90.67% 97.33% 
Table 6. This tables shows the specificity and sensitivity for each direction for JS. The 
highest rating for each category is bolded. Values that exceed 60% for true positive were 
highlighted. Values that exceed 80% for false negative, and false positive were highlighted. 
DS 
Initially, DS reported feeling curious, excited and skeptical about the SSVEP 
device. He cooperated through all tasks, even despite fatigue. DS was able to breathe on 
his own for periods of time, as such his respirator was turned off during the experiment in 
accordance with the protocol. During the experiment, DS was seated in a chair with 
supporting pillows to keep his head at a confortable upright position. The laptop was 
placed in tray tilted towards him so that the screen was parallel to his face. DS had a 
visible ptosis in this right eye, which required some repositioning of the screen to the left 
to be centered with DS' s field of vision. DS usually wore glasses, but they were only 
used for later trials. Additionally, the curtains in the room had to be closed in later trials 
to reduce the glare and ensure maximal contrast of the flashing stimulus. DS attempted 
seven trials of the UDLR task with a continuous improvement was noted with 
progressive trials as his overall accuracy increased from 16.7% to 50% from trial one to 
six. There was a slight decline in trial seven at 41 :7%, which was likely due to fatigue. 
Statistically, DS achieved an overall accuracy of 34.52% after. His most accurate 
direction was Down at 76.19%. The accuracies for Up, Left, and Right were 33.33%, 
19.05%, and 9.52%, respectively. High false detections rates occurred with Up, Left, and 
Right. 
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DS Up Down Left Right 
True Positive 33.33% 76.19% 19.05% 9.52% 
False Negative 66.67% 23.81% 80.95% 90.48°/o 
False Positive 72.00% 56.76% 13.33% 28.57% 
True Negative 71.43% 66.67% 82.54% 92.06% 
Table 7. This table shows the specificity and sensitivity for each direction forDS. The 
highest rating for each category is bolded. Values that exceed 60% for true positive are 
highlighted. Values that exceed 80% for false negative, and false positive are highlighted. 
JR 
JR performed all of the SSVEP tasks while seated in his wheelchair. His head was 
constantly tilted backwards and turned to the left with a persistent up ward and leftward 
gaze. His head position required adjustment a few times throughout the experiment. 
While in his seat, the laptop was placed on a horizontal surface in front of him and 
centered to his most comfortable gazing position. The majority of JR's saccadic 
movements were from the middle of the eye to the left. Even though downward saccades 
were observed, they were infrequent and transient. JR did not move his eye to the right at 
any time during the interview. JR's arms were in a constant state of spasticity, which 
required occasional massaging. His mother reported that JR' s processing speed might be 
slow and that he frequently "zones out" because of his TBI. Even though his mother 
reported that his vision was considered normal, she also mentioned that he preferred to 
look at objects closer to him. Additionally, she suggested that JR might benefit from 
having the text linger longer on the screen. JR performed a total of four trials, with a 
break after two trials. No significant improvement in accuracy was noted through those 
trials. Statistically, JR' s overall accuracy was 18.75%. His most accurate direction was 
Up at 40% and there was a high frequency for false positive and false positive 
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classification with the Down direction. Additionally, errors rates for Up, Left, and Right 
were all above 80%. 
JR Up Down Left Right 
True Positive 40.00% 5.00% 20.00% 10.00% 
False Negative 60.00% 95.00% 80.00% 90.00% 
False Positive 80.00% 92.86% 5.56% 25.00% 
True Negative 46.67% 78.33% 76.67% 90.00% 
Table 8. This tables shows the specificity and sensitivity for each direction for JR. The 
highest rating for each category is bolded. Values that exceed 60% for true positive were 
highlighted. Values that exceed 80% for false negative, and false positive were highlighted. 
ss 
Before the trials, SS reported feeling excited and curious. Due to the lack of 
vision in the left eye; she performed the SSVEP tasks with only her right eye, which had 
limited vertical movement, especially in the downward direction. Her poor accuracy in 
the downward direction was evident in the first run. Consequently, the frequency for 
Down, originally set at 13 Hz, was swapped with the original frequency for Right at 15 
Hz. Observations of previous trials with healthy subjects showed that accuracy for 15 Hz 
was the lowest of all the stimuli. This switch was made to maximize SS's accuracy for 
Right. During the session, she performed three UDLR trials with no trend in 
improvement throughout those trials. Statistically, SS's overall accuracy was 30%. 
During the tasks, data indicated that SS's most accurate directions of attention were Up 
(40%) and Left (66.67%). Her accuracy for Right was 13.33%. The directions with the 
false negative rates above 80% were Down and Right. The most frequent false negative 
classification occurred with Down. 
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ss Up Down Left Right 
True Positive 40.00% 0.00% 66.67% 13.33% 
False Negative 60.00% 100.00% 33.33% 86.67% 
False Positive 71.43% 100.00% 0.00% 66.67% 
True Negative 66.67% 97.78% 44.44% 97.78% 
Table 9. This table shows the specificity and sensitivity for each direction for SS. The 
highest rating for each category is bolded. Values that exceed 60% for true positive were 
highlighted. Values that exceed 80% for false negative, and false positive were highlighted. 
ER 
ER completed the task while seated in his wheelchair. ER's head was constantly 
tilted backwards in the seat. The laptop was placed on a horizontal surface in front of him 
and centered to his most comfortable gazing position. During the SSVEP tasks, ER's 
eyes occasionally required application of eye drops. ER's ocular function impairments 
include limited lateral scanning ability and optical nerve damage. The accuracy of the 
first trial was 20%. Due to his vision difficulties, his father suggested that the subsequent 
directions be spoken out loud and the target stimuli be pointed out to him as they 
appeared. Even though ER's overall accuracy increased in the next two runs with 
auditory prompts and pointing with scores or 30% and 35%, it was difficult to tell 
whether the improvements were a result of the auditory prompt or a training affect. The 
accuracy on his last run was 20%, during which has was noticeably tired. Overall, ER' s 
accuracy was 26.25% with accurate direction of focus being Up at 65%. Errors and false 
detections, occurred most often with Left and Right, respectively. Specifically, false 
negatives occurred at high frequencies with Down, Left, and Right. False positives 
mostly occurred with Up and Down. 
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ER Up Down Left Right 
True Positive 65.00% 20.00% 10.00% 10.00% 
False Negative 35.00% 80.00% 90.00% 90.00% 
False Positive 73.47% 77.78% 33.33% 28.57% 
True Negative 40.00% 76.67% 93.33% 91.67% 
... Table 10. This tables shows the specificity and sensitivity for each direction for ER. The 
highest rating for each category is bolded. Values that exceed 60% for true positive were 
highlighted. Values that exceed 80% for false negative, and false positive were highlighted. 
Environmental Factors 
Observations of the experimental sessions revealed that visual and auditory 
distractions negatively impacted SSVEP performance. The amount of distractions varied 
depending on the setting of the experiment. The effects of distractions were more 
apparent in the healthy group. The healthy subjects performed the SSVEP tasks in a 
controlled environment where lights were dimmed to ensure maximum contrast for the 
flashing stimuli and conversations were kept to a minimum to prevent interference from 
activities in the hearing centers of the brain. Distractions were minimized but not 
completely prevented. In one instance, computer monitor adjacent to the testing laptop 
was accidentally turned on while the subject performing an SSVEP task. The subject 
immediately turned to face the accidental stimuli. Her performance for that trial 
noticeably decreased from the previous trial. There were other instances where a subject 
heard the sound of the door opening and started to tum toward the sound, which 
consequently decreased the accuracy of subsequent stimuli presentations. 
The setting for the all of the impaired subject, except JS, was in a naturalistic 
environment where distractions were more difficult to minimize. Lighting appeared to 
have affected performance forDS, who requested that the curtains be closed to reduce the 
interference caused by glare on the screen. The effects of lighting was not known for JR, 
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SS, and ER, all of whom did not/could not request any adjustments. Environmental noise 
appeared to be a significant distraction for JR, who reflexively laughed at beeping sounds 
that occurred during the experiment. Additionally, the caregivers were also a potential 
source of distraction during the experiment as they often initiated conversation with the 
experimenters or provide verbal encouragement to the subject. While it did not occur 
during testing, JR' s parents reported that JR would reflexively turn to look if he heard a 
door open. In general, the activity of the people in the room was always a potential source 
of visual and auditory distraction. 
DISCUSSION 
AAC Assessment 
The questionnaire served as a medium through which an AAC assessment could 
be conducted. The content of the questionnaire indirectly inquired about the subjects ' 
perception of their abilities. Some of the responses may not be reliable due to limitations 
of the subject' s communication ability. The most valuable insights were gained by 
observing the process of communication of each individual. Most subjects appeared 
motivated by reporting feeling excited for the trial, which is favorable indicator factor of 
performance (Kleih et al., 2011 ). Even though one of the advantages of SSVEP systems 
is the relatively short training time required to obtain a high accuracy (Martinez, 2007), 
most impaired subjects reported that they would need focused practice to become 
proficient users. Last but not least, the interview process appeared to have induced 
fatigue for most subjects, which may have an effect on their performance. 
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Operational Competency 
The results of healthy users in the current study were comparable to those 
reported in the literature (Allison et al., 2008; Allison et al., 201 0; Cheng et al., 2002; 
Kelly et al., 2005). In the current study, the average accuracy rate for healthy subjects 
was 59% with seven of twelve subjects achieving 70% or higher. One subject averaged 
92% over five trials. Cheng et al. (2002) eight ofthirteen subjects were successful at 
entering an 11-digit number with some errors. However, they reported that the remaining 
five subjects did not achieve higher than 50% accuracy. Kelly et al. (2005) reported that 
six of eleven healthy subjects achieved at least 75% with the top performer achieving 
greater than 90% over four trials. Guger et al. (20 12) reported the highest accuracy rate 
with an average rate of95.5% for 53 subjects. 
Given that most SSVEP studies have been proofs of concept testing healthy 
individuals (Allison et al., 2008; Allison et al., 2010; Cheng et al., 2002; Kelly et al., 
2005) and few have studied impaired individuals, one of the main objectives of this study 
was to compare performance between healthy and impaired subjects. The results of the 
impaired subjects in this study obtained lower accuracy ratings than other. Kubler and 
Birbaumer's (2008) review found that impaired individuals, mostly due to ALS, obtained 
66.1 %, 71%, and 66% average accuracy on SCP, SMR, and P300 BCis, respectively. 
However, the studies in the mentioned review included subjects who were not as severely 
disabled as the current study. Further, there has not been a major study since Sutter 
(1992) that has involved impaired individuals. In the current study the results show that 
healthy subjects achieved a higher accuracy rating than the impaired group for the UDLR 
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tasks. On average, subjects in both groups received a similar amount of practice; 
therefore a training effect was not expected to be a confounding factor. The reason for the 
difference in performance may lie in the presence of a neurological disorder and 
impairment in ocular motor function. Both factors negatively affect the operational 
competence of the impaired individuals. 
The relationship between ocular motor function and performance is statistically 
significant. In general, the directions with the highest accuracy rates were the directions 
in which the LIS subjects have the most reliable movement and least visual interference. 
Reliability was an important factor in performance, especially when considering the type 
of errors. The table below shows the strengths and weakness of the individual based the 
obtained accuracy in each SSVEP stimulus directions. 
JS DS JR ss ER 
True Positive (60%+) U,D,L D u L u 
False Negative (80%+) R R,L D,L,R D,R D,L, R 
False Positive (80%+) R u D D D 
True Negative R R R D,R L 
Table 11 This tables shows the relative strengths and weaknesses of each impaired subject 
in terms of direction. For true positive values of each subject, the direction with the highest 
percentage or any direction exceeding 60% were included. For false negative and false 
positive, values exceeding 80% were included. For true negative, the directions with the 
highest percentage were included. 
Since JS effectively used an eyetracking AAC system to communicate. It was 
inferred that his ocular motor control was generally intact. He reliably attended to three 
directions. Right was the only direction in which JS made consistent errors, which might 
be attributed to poor SSVEP stimulation at 13Hz. 
Similar to JS, DS was also capable of using an eyetracking device; therefore it 
was inferred that he had functional and reliable eye movements. The ptosis of his right 
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eye was likely the source of visual interference leading to the high rate of false negatives 
to the Right. Attending Down was the direction of least interference, which was his most 
accurate direction. The repositioning of the screen to the left explains the high occurrence 
of false negative in that direction. The fact that the highest false positive rate occurred 
with Up may be explained by the decoder apparent preference for classifying Up across 
both groups. 
Despite having limited vertical eye movement and having only a functional right 
eye, SS's ocular motor control appeared reliable. SS most reliably attended to the Left. 
Despite her deficit in vertical movement, she could somewhat attend upwards. The 
highest error rates occurred with Down, which is consistent with her known inability to 
look downward as a result of PSP. 
JR was the poorest performer in the study. It was observed during the interview 
that JR's eyes were fixed in an upward gaze, which explained why the highest accuracy 
occurred with Up. JR' s ocular motor impairment in the Down and Right directions 
explains his low accuracy scores in those directions. Additionally, JR' s poor ocular motor 
control may also explain the high rate high rate of errors (80%+), both false positive and 
false negative, in all directions. 
The direction that ER showed the most consistent eye movements, Up, was the 
same direction that he obtained the highest accuracy score. Conversely, his limited lateral 
movements may explain the high error rates for Left and Right. ER's head positioning 
may have caused the high error rate in Down. His head was fixed at a backward tilted 
during the SSVEP tasks, which may have caused his gaze to be persistently fixed at a 
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downward angle relative to his face. This downward angle may have fixed his gaze 
toward the stimuli for Down and resulting in the classifications errors for the Down 
direction. 
The ability to shift gaze is related to the modulation of attention (Gabay, 201 0), 
which is known affect BCI performance (Kubler et al., 2001). In this study, impaired 
subjects who were capable of modulating attention overtly by shifting gaze obtained high 
accuracy scores. The subjects were not limited to a specific type of attention, overt or 
covert, to attend to the SSVEP stimuli. The results indicated that impaired subjects 
achieved the highest accuracy rate in the same direction as their most reliable eye 
movement. This suggests that the impaired subjects attended to the stimuli by shifting 
gaze, or using overt attention, whenever possible. JS and DS were the impaired subjects . 
who demonstrated the highest degree of ocular motor control and obtained the highest 
accuracy scores. Conversely, JR, the individual with the least consistent voluntary eye 
movement achieved the lowest overall accuracy rating. Additionally, JR's error pattern 
did not show consistency in any directions, which further illustrated poor regulation of 
overt attention. There is some evidence that covert attention was used during the SSVEP 
task as seen in SS's performance. Even though PSP causes the impairment in her vertical 
eye movements, SS performance in the Up direction (40% accuracy) indicates that she 
could attend in that direction with moderate success. The results of this study supports 
Kelly et al.'s (2004) fmding that accuracy on SSVEP tasks decreases (by 20% in their 
study) when only covert attention is used. Other studies with ERP-based BCis found that 
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performance is directly related to ocular motor control (Brunner et al. , 201 0) and overt 
attention (Treder and Blankertz, 2010). 
In order to effectively use an SSVEP-based BCI, the subject must demonstrate 
some operational competence. The threshold accuracy or minimal operational 
competency required to operate this system was 60% overall accuracy on the UDLR task. 
The only impaired subject who met this criterion was JS. However, most impaired 
subjects achieved the 60% accuracy for some directions, indicating that they were 
operationally competent for those directions. This knowledge of individual strengths can 
be used to tailor the current system to the specific user. JS could make selections by 
attending Up, Down, and Left. DS, SS, and ER could make selections using Down, Left, 
and Up, respectively. JR did not meet the minimum competency criteria in any direction; 
therefore the SSVEP selection method in the study was deemed inappropriate for him. 
Although not originally a focus of the study, the specific etiology leading to the 
locked-in state may have contributed to attention regulation and operational competence. 
Selection on an SSVEP-based AAC taxes the user's selective attention and working 
memory by requiring the user to remember on the intended message and focus on one 
stimulus in the face of competing stimuli. Deficits in attention are clinical symptoms of 
the neurological disorders of the subjects in the study, namely TBI, PSP, and ALS. 
Patients with TBI often report problems with concentration, forgetfulness, distractibility, 
and difficulty attending to one task at a time (Mateer and Mapou, 1996). The worst 
performing subjects, JR and ER, had histories ofTBis and caregivers ofboth subjects 
reported that the subjects have difficulty sustaining attention. Attentional deficits 
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resulting from PSP may have affected SS's performance (Rafal et al., 1988) as well. A 
deficit in attention may also be one of the clinical symptoms of ALS (Phukan et al., 
2007). Even though no deficit in attention was reported for JS and DS, its effect on 
performance could not be ruled out. 
Potential Benefits of SSVEP 
The potential benefit the SSVEP selection method used in this study is dependent 
on the rate and accuracy of the selection. The rate of selection in this study is limited by 
the 4 seconds required for the system to make a selection. This rate is applicable to this 
system. Other SSVEP system may have different rates. Additionally, user selection 
accuracy will also affect overall communication rate. JS who is 92% accurate in 
attending Up will likely experience only minor communicative revisions due to selecting 
the wrong message. Conversely, the communicate rate of ER, whose false negative rate is 
35% with Up, may increase dramatically because of revisions required to accurately 
select the intended message. The communication process with this SSVEP system may 
be further prolonged if the user is required to make consecutive accurate selections, such 
as navigating a menu. The discussion below assumes that the baseline measurements are 
representative of the most efficient communication performance for each individual. 
Further, it is also assumed that the user is required to make only one selection via SSVEP 
to access the intended message. Given those assumptions, the potential benefit of this 
SSVEP system is determined by rate of communication/selection and the diversity of 
messages that the user may access. 
The baseline data of the communication ability and the performance on the 
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SSVEP tasks indicate that this SSVEP selection method only offers limited benefits to 
these impaired individuals. Sutter's (1992) study with an ALS patient recorded a 
communication rate of 10-12 words per minute. The SSVEP-based selection method 
from this study would offer no potential increase in communicative efficiency for JS and 
DS over their existing AAC method. Both subjects were capable of using eyetracking 
devices to compose emails. In the case of DS, he was capable of producing long, complex 
sentences that with the help of his wife. In short, both subjects communicated at rates that 
greatly exceed any current BCI device (Kubler et al., 2001). The baseline communication 
rate for both JS and DS likely represented only the lower limit of their selection rate 
because both subjects had access to a wide range of options (e.g. , words, the full 
alphabet) in each communicative attempt. Even though SS's output was limited to one 
word for each communicative attempt, she had access to a more diverse range of message 
at a faster rate with her ability to point. Her selection communication rate of 2.2 seconds 
per word was faster than the 4 seconds required to make a selection from using the 
current study SSVEP-BCI. While all ofthe impaired subjects were capable of 
communicating at greater than 10 words per minute, subjects JR and ER could only make 
a selection between two words (e.g. yes/no). An SSVEP-based AAC device would allow 
for selection from a greater variety of messages to convey functional intentions to 
caregivers. It should be noted that JS, DS, and SS all presented with degenerative 
neurological disorders and their ocular motor control may change over time. When I if 
these individuals lose their functional eye movement, they may potentially exploit the 
covert attention to operate a BCI (Treder and Blankertz, 2010). Therefore, an SSVEP-
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based AAC device may be appropriate at a later time. At the time of the study, ER was 
the only viable candidate for an SSVEP-based AAC. The selection rate of the current 
SSVEP system was faster than ER's current communication rate of 5.6 seconds per word. 
If the target required two selections at 8 seconds, the selection process was slower than 
his natural output. However, the potential benefits in message diversity outweighed the 
cost in speed. 
JR's profile is an illustration of the limitations for BCis. His attention deficits 
make him susceptible to interferences and distractions, which is detrimental to BCI . 
performance (Kubler et al., 2001; Cheng et al., 2002; Allison et al., 201 0). Additionally, 
impairments in ocular motor control limited JR's ability to utilize overt attention, which 
has been shown to be beneficial to performance (Kelly et al., 2004). Even though BCis 
are hailed as the solution to meet the needs of individuals with severe communicative 
disabilities, it remains possible that current BCI technology cannot meet the demands of 
some individuals. 
Environmental factors 
The investigation of the effects of distraction found that distractions affected the 
performance of healthy users. Observations showed the both extraneous visual and 
auditory stimuli interrupted the focus of the healthy subject and decreased accuracy. 
These observations are consistent with findings in the literature (Cheng et al., 2002; 
Allison et al., 2010). Conversely, the contributions of distractions were more difficult to 
determine for the impair subjects given other contributing factors such as contribution 
ocular motor impairment and possible attentional deficits due to the presence of 
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neurological disorders. Environmental distractions are likely to have a greater affect on 
healthy users compared to impaired users because healthy users do not have other 
limiting barriers such as ocular motor or attentional deficits. As for the comparison 
between laboratory and naturalistic settings, it is difficult to made definitive conclusions 
on performance and the type of setting. It is reasonable to infer that healthy subjects may 
lower accuracy scores in a naturalistic setting given observations in the laboratory. It 
would not be reasonable to infer that impaired individuals will obtain higher accuracy 
scores in a laboratory because of the persistent deficits. 
BCI andAAC 
The results of the study highlight the need for details assessment of an impaired 
individual's characteristics in the clinical application of any BCI paradigm. For visually 
based paradigms, such as SSVEP and P300, the current study and other studies (Kelly et 
al., 2004; Brunner et al., 2010; Treder and Blankertz, 2010) have shown that ocular motor 
control affects performance. While the current study only focused on SSVEP, it is likely 
that individual characteristic such as etiology contributes significant to performance. A 
review in Wolpaw et al. (2002) showed that the most impaired subjects in BCI studies 
have ALS. The degeneration the upper motor neurons in ALS may negatively affect the 
generation of electrical signals required to operate BCis. There is some evidence that 
there are subtle changes in EEG after the onset of ALS (Friedlander, 1956), which could 
result in lowered BCI performance. In general, it is suspected that neurological disorders 
of the impaired individuals causing deficits in attention may negatively impact 
operational competency of a user for the BCI. Further, any clinical applications of an 
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attention-dependent BCI will require compensatory features to minimize the affect of 
visual and auditory distractions in a variety of environments. 
Limitations 
The current study attempted to illustrate a proof of concept for an SSVEP-based 
AAC by measuring user performance and an assessment of communicative abilities for 
individuals with severe communicative disabilities. The limitations of the study lie in 
lack of depth in each area. The user performance data was collected from two dissimilar 
demographic groups. The healthy group comprised of mostly females in their 20s, while 
the impaired group comprised of mostly male subjects ranging from 29 to 61 years old. 
The two groups were also imbalanced in sample size with the number of healthy subjects 
being more than twice the number of impaired subjects. Additionally, testing the two 
groups in different environments potentially introduced another confounding variable. 
Although the focus of the study was ocular motor function, no data was collected for the 
ocular motor behavior of healthy subjects. Information on the ocular motor behavior of 
healthy subject such as the frequency and amplitude of movement while attending may 
help determine whether cover or over attention wa:s preferred during SSVEP tasks. The 
preference may be related to performance. 
With regards to a communication assessment, the current study only made a 
cursory attempt at evaluating the communicative ability of each impaired individuals. 
Specifically, no functional vision assessment was conducted for any subject (Costello and 
Shane, 2012). The collection of baseline measures was highly dependent on the 
subjective judgment of the experimenter. For example, the end of each utterance was 
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marked as the point at which the experimenter acknowledged the response of the subject. 
The duration of each utterance may be shorter if the measure was taken with a familiar 
conversation partner, as they may be more perceptive to the behavior of the impaired 
subject. The interview format themselves may have limited the impaired subjects' ability. 
Most of the questions on the questionnaire were presented as a forced choice with only 
two choices (yes/no). It possible that "I don't know" may be a more accurately answer to 
some questions. Additionally, the presentation of only two choices limited the type of 
responses for subjects such as DS who was capable of longer utterances. The interview 
itself elicited less than 100 utterances from each impaired subject. This small sample may 
not be representative of their true abilities. 
Despite its limitations, this study provided the framework for the process of 
adapting BCI technology to impaired individuals. The assessment process for visual-
dependent BCis requires an extensive survey of the client's cognitive and motor ability, 
especially ocular motor functions. Moreover, the assessment needs to take into account 
factors that may be barriers to optimal performance such as distractions and fatigue. This 
study has shown that a two-hour session is not adequate to comprehensively evaluate the 
communicative ability of a client and more information is needed in advanced of the 
formal evaluation to have a complete picture of the client. Video recordings of the 
client's communication in a naturalistic setting could be obtained to better assess 
functional communication. The result of a functional vision assessment by a professional 
who frequently serves impaired individual is essential. Additionally, the interview may 
require one session to reduce the impact of fatigue. Once all of the relevant information 
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regarding a client's operational competency is obtained, the clinician can tailor the 
parameters of the BCI to fit the profile of that client. Overall, the results of the study 
raised crucial questions required in the clinical application of BCI to impaired 
individuals. 
Future Studies 
In order to improve on the current study, the assessment process for impaired 
individuals should be more comprehensive. The detailed medical history of the subjects 
should be attained to identify any reporting of any motor, vision, or cognitive deficits that 
may affect performance. Additionally, video recordings of the subjects' communication 
in their everyday setting should be obtained to better understand the natural barriers that 
the subject may encounter. These recordings could yield objective data regarding the 
subject's maximal rate and accuracy in conveying messages. For any SSVEP-based AAC 
device, which relies on visual input, a functiomil vision assessment should be conducted 
to determine the exact nature of the person's ocular motor ability. During the assessment, 
more questions should be asked that directly target ocular motor function. The 
questionnaire for the interview should include the choice "I don't know" and 
opportunities for the subject to expand on their answers. This will give the subjects 
opportunities to explain the subtleties of the communication need and will yield more 
utterances for the communication sample. 
Based on the result of the assessment described above, the SSVEP-based AAC 
device could be tailor in advance to take advantage of each individual's ability. The 
stimulus presented in the current study was held constant to compare across subject. 
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Future studies could determine the stimulus frequencies with the highest accuracy rates 
for each subject and tailor the selection method to suit the subject. The interface design 
may also affect accuracy. There may be an optimal distance between the SSSVEP stimuli 
so that the signals do not interfere with each other. Auditory feedback indicating the 
direction of attention may be helpful to cue subjects who have deficits in attention. 
Additionally, extended training over multiple sessions may yield better performance. 
Understanding the individual ' s ability and customizing the BCI to meet the need of the 
individual is crucial to successful clinical application of visual BCI as an AAC. 
CONCLUSION 
Overall, this study showed that healthy subjects obtained higher accuracy rates 
than impaired subjects. Furthermore, operational competency for an SSVEP BCI is 
heavily influenced by the reliability in ocular motor control. The study also suggests that 
impaired subjects have an apparent preference for overt attention when making 
selections. Other factors that appear to have a negative affect on performance include 
distractions and deficits in attention as a resulting from a neurological disorder. Finally, 
the assessment of the potential benefit of an SSVEP-based AAC yielded mixed results. 
The current SSVEP device was useful for only one subject. Three subjects would not 
obtain additional benefits from the device. One subject was not able to use the device. 
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Appendix A 
AAC-BMI Preference and Ability Questionnaire 
Date: 
----------------
Subjects Name: Date of Birth: _________ _ 
Gender: Male D Female o Email: 
----------------------
Telephone: Home: I prefer to be contacted at: Home o 
oOffice: oCell: ______________ ----:-
oEmail: ---------------------------------------
Address: _____________________________ _ 
Questions for Caretaker (asked independently from Subject): 
1. Does the subject currently use any of the following to communicate: 
Computer-based AAC device: Yes D No o 
Babbling D, Eye GazeD, Facial Expressions D, Gestures D, Jargon o , object board o , 
picture book o, picture board o , pointing o, sentence approximation o , vocalizations o , 
word approximations D 
Other Methods: Yes o No o 
If yes, please describe ______________________________________________ _ 
2. What is the subject' s highest education level? 
----------
3. What was the subject's former occupation? ___________________________ __ 
4. Can the subject read? Yes o No o 
5. Does the subject need any assistance with reading? Yes o No o 
If yes, please describe 
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6. Describe the subject's motivation for learning a new way to communicate. 
7. Describe the subject's feelings about this evaluation. 
7a. Is the subject hopeful o, skeptical o, apathetic o, other: _________ _ 
8. Describe the subject's ability to pay attention and ability to concentrate on a task. 
9. What are your hopes and expectations for the subject? ___________ _ 
10. Describe anytime when you think the subject may have trouble understanding you. 
Please provide an example. _____________________ _ 
11. How long did it take for the subject to learn to use her/his current method to 
communicate? What were the difficulties in the learning period? How did the patient 
overcome these difficulties? 
12. Do you think there is another method of communication that might be better for the 
subject? If so, please explain. _____________________ _ 
13. Do you think there are other skills that the subject has but is not being used right 
now? If yes, please describe them. ___________________ _ 
14. Does the subject have a history of vision problems? Yes o No o 
15. Does the subject wear glasses or contacts? Yes o No o 
16. What movements does the subject currently have? For example: head or neck, finger 
or arm, toes, shoulder, etc.? ______________________ _ 
17. How well does the subject follow multi-step directions? __________ _ 
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Questions for Subject (asked independently from the Caregiver): please note, 
questions are formatted in yes/no fashion for compatibility with all ACC users, 
including those with only binary, yes/no, communication. 
1. Please answer 'yes' to each of the following ways you communicate and ' no' to those 
that you don't: 
Computer-based AAC device: Yes D NoD 
Babbling D, Eye Gaze D, Facial Expressions D, Gestures D, Jargon D, object board D, 
picture book D, picture board D, pointing D, sentence approximation D, vocalizations D, 
word approximations D 
2. Please answer yes to the highest level of education that you have attended: 
graduate school D, college D, some college D, high school D, middle school o, elementary 
school D 
3. Can you read? Yes D NoD 
4. Do you need any assistance in reading? Yes D No D 
5. Can you scan the test on the page/screen? Yes D NoD 
6. Say yes to the word that describes your feeling about our meeting today: excited D, 
hopeful D, skeptical D, apathetic o , curious D. 
7. Do you have any expectations that we will be able to help you? On a scale of 1-5, with 
1 equaling no expectations, 5 equating high expectations and 3 not sure? Is your 
expectation higher than 3, D? Is it 1, D. Is it 5, o. 
8. Do you hope to improve on your ability to communicate? Yes D NoD 
9. Are you willing to spend time and effort to practice a new skill if it can improve your 
communication? Yes D NoD 
10. Do you feel like you have the focus to learn a new task, even one that might be 
tedious and repetitive? Yes D No o 
11. Do you have trouble understanding what you read? Yes D No D 
12. Do you have trouble understanding the people who are talking to you? Yes D No o 
If yes, is it because you can't hear them well o , they are speaking too fast o, or are they 
using words you do not understand D? 
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13. Did you have any difficulties learning your current method of communication? 
YesoNoo 
Do you like your current method of communication? Yes D No D 
Do you think there is another method that might be better for you? Yes D No o 
14. Do you think that you have other capabilities that are now being used? Yes o No o 
15. Do you have any trouble with your vision? Yes o No D 
Do you have any trouble seeing details or reading fme print? Yes o No o 
Do you wear glasses or contacts? Yes o No o 
Do you have trouble seeing far away? Yes o NoD 
16. Do you have trouble hearing? Yes o No o 
17. Do you have any movements on your head/neck/face? Yes o No o Show me. 
Do you have any movements with your limbs? Yes o No o Show me. 
18. Do you think you can follow a set of multistep directions? Yes o No o 
Can you follow these directions (describe task)? Yes o No o 
19. Do you prefer to communicate through spelling, pre-made phrases, or symbols? 
Yes oNo o 
20. Do you like having a screen that does not change? Yes o No o 
Do you like a screen with changing options? Yes o No o 
21. On scale of 1-5, 1 being very easy and 5 being very difficult, how would you rate the 
difficulty of learning your current method of communication? What about this method? 
22. Can you move your eyes up and down? Yes o No o 
Can you move your eyes to the left and right? Yes o No o 
Can you blink voluntarily? Yes o No o 
23. Our device employs a blink detector for item selection. Are you able to "double-
blink"? Yes o No o 
Do you prefer using a "single-blink"? Yes o No o 
Questions for Subject (asked independently from the Caregiver): note, these 
questions are to be asked once study session has ended. 
1. I know we already asked you these questions, but I would like to ask them again now 
that you have finished the session. Say yes to the word that describes you're feeling about 
our meeting today: excited o, hopeful o, skeptical o, apathetic o, curious o. 
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2. Do you have any expectations that we will be able to help you? On a scale of 1-5, with 
1 equaling no expectations, 5 equaling high expectations and 3 not sure. Is your 
expectation higher than 3 o? Is it 1 o? Is it 5 o? 
3. Do you hope to improve on your ability to communicate? Yes o No o 
Are you willing to spend time and effort to practice a new skill if it can improve your 
communication? Yes o No o 
4. Did you feel like you had to focus to learn this new task? Yes o No o 
5. Did you think you followed the set of multi-step directions? Yes o No o 
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Appendix B 
Responses to the Questionnaire (from Appendix A) 
Questions asked BEFORE the P-002 P-003 P-004 P-005 
experiments 
Use of computer-based AAC y n n n 
device 
Highest education level grad high grad high school 
school 
Can you read? y y y y 
Assistance in reading? n n y y 
Can you scan a page/screen? y y n y 
How do you describe your feeling CUflOUS, skeptical excited, skeptical, 
about today excited, CUflOUS apathetic 
ske_Q_tical 
Expectations (1-5) 4 ? 3 1 
Do you hope to improve? y y y y 
Are you willing to spend time and y y y y 
effort to practice? 
Can you focus to learn new task? y y n y 
Do you have trouble n n y y 
understanding what you read? 
Do you have trouble n n n n 
understanding people? Why? 
Did you have any difficulties n n n n 
learning you current method of 
communication? 
Do you like your current method y n n y 
of communication? 
Do you think there is another - y y y 
method that might be better for 
you? 
Do you think that you have other n - - n 
capabilities that are not being 
used? 
Do you have trouble with your n n y n 
vision? 
Do you have any trouble seeing n n y n 
details or fine print? 
Do you wear corrective lenses? n n y y 
Do you have trouble seeing far nearsighted n y n 
away? 
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Do you have trouble hearing? n n y n 
Do you have any movements on y y y n 
your head/neck/face? 
Do you have any movements with n n y n 
your limbs? 
Can you follow a set of multistep y y y y 
directions? 
Do you prefer to communicate spelling phrases, spelling, phrases, 
through spelling, pre-made symbols phrases symbols 
_phrases, or symbols? 
Do you like having a screen that y n y y 
does not change? 
Do you like a screen with y y y y 
changing options 
Rate the difficulty of learning 1 3 3 5 
your current communication 
method (1-5) 
Can you move your eyes up and y y n y 
down? 
Can you move your eyes left and y y y n 
right? 
Can you blink voluntarily? y y y y 
Can you double blink? y n n n 
Do you prefer single blink? - - y -
Questions asked AFTER the 
experiments 
Describe how you are feeling excited, excited hopeful excited, 
curious, felt hopeful, 
he was not apathetic 
good cunous 
Expectations of the technology (1- 4 5 3 1 
5) 
Do you hope to improve on your y y y y 
ability to communicate? 
Are you willing to spend time and y y y y 
effort to practice a new skill? 
Do you feel like you had to focus y y y n 
to learn this new task? 
Difficulty of learning this method 5 4 3 4 
(1-5) 
Did you think you followed the set y - y y 
of multistep directions? 
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Appendix C 
Feature Matching Analysis 
DS 
Age: 61 years 
Diagnosis: ALS for 27 years 
Speech: Nonspeaking 
Mobility status: Requires wheelchair 
Resides: with wife 
Feature Matching: 
Historical Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Developmental • Appeared normal, no • Typical developmental history 
developmental concerns is a solid foundation for skills 
mentioned necessary to learn AAC 
Medical • Patient has been diagnosed • Quadriplegia limits control site 
with ALS for 27 years. 
• Patient currently on 
ventilation, although he can 
come off the support a few 
hours at a time. 
• Patient is quadriplegic 
Educational • Patient received a Master' s • High functioning literacy 
degree. skills may allow selection of a 
device using the written 
modality via typing 
• Device should vocabulary that 
will facilitate .participation in 
activities of daily living 
Vocational • Patient was an engineer. • Even though he no longer 
works as an engineer, DS may 
be interesting in reading about 
engineering-related topics. An 
AAC should have internet 
connectivi!,y to allow him 
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access to such content. 
Social/ • Patient is cared for by his wife. • Communication tools should 
Environmental • Patient used to out more. As maximize opportunities for 
his wife ages, the increased social interactions 
difficulty in transporting him • Influences choice of 
deters some social outings. aided/unaided communication 
• High and low tech tools 
should be accessible to 
maximize social opportunities 
• Motivated to increase social 
interactions may facilitate 
willingness to learn and use 
an AAC device. 
• Vocabulary should include 
social pleasantries for a 
variety of ages, cultures, and 
social situations. 
Previous AAC • He uses an eyetracking device • Demonstrates desire to 
Experience to interact with a computer communicate a variety of 
interface to compose emails. intents, which suggests 
• Patient can write an email in 1 increased motivation to learn 
hour. AAC 
• He can approximate letters • Success learning eyetracking 
with his mouth to spell words. shows potential to learn new 
His wife expands his AAC strategies 
approximations into complete 
sentences. 
• He is also capable of 
communicating via facial 
expressions with his eyebrows 
and an alphabet board. 
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Patient-Centered Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
DS (Primary) • LTG: To improve on the • Choosing a device that he can 
ability to communicate easily learn/maintain, fosters his 
0 Patient believes that independence, facilitate interaction 
there might be another with family 
method that may help • He can currently communicate 
improve his basic needs with familiar partners 
communication. through gestures, expressions. He 
would benefit from being a 24-
hour AAC user with his current 
communication abilities. 
Parents • LTG: Patient' s wife hopes • Choosing a device that he and his 
(Secondary) to improve his overall parents can easily learn can help 
communication. maintain 
• A device that is affordable that can 
be supplemented by unaided 
communication strategies 
• A device that fosters DS' s 
independence 
• A device that will allow DS to 
connect to the internet for leisure 
and communicate professionally 
(email) 
• He can currently communicate 
basic needs with familiar partners 
through gestures, expressions, and 
other means. He cannot be an 
active participant in independently. 
He would benefit from being a 24 
hour AAC user with his current 
communication abilities. 
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Medical Domain 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Otolaryngology 0 Patient does not swallow. 0 Current status indicates ability to 
He receives nutrition and use both high and low tech AAC 
hydration via tube feeding. devices 
0 Hearing appeared 0 Hearing status allows for options of 
functional. either open/closed loop system, 
depending on personal preference 
Orthopedics 0 Patient is currently in a 0 Wheel chair will influence device 
wheelchair and requires placement/location/mounting. 
assistance to move about. 0 He should also be able to 
operate device in and out of 
wheel chair 
0 Device should be easily 
removed/re-attached 
0 His paralysis will impact location of 
device 
Ophthalmology 0 No functional vision 0 No restrictions for 
assessment conducted number/size/color/placement 
0 Patient wears glasses. /contrast of targets. 
0 Patient appeared to have 
normal ocular motor 
control. 
Psychiatry 0 No concerns mentioned. 0 No restrictions with regards to 
selection of AAC device. 
Neurology • Patient diagnosed with ALS 0 DS ' s paralysis impact the location 
for 27 years. of control site, placement/mounting 
0 Timing of intervention will be 
influenced by his cognitive status. 
Intervention should be routine and 
structured to facilitate learning 
AAC 
0 Prognosis for speech-language-
cognitive symptoms is not favorable 
in the long term; therefore, AAC 
needs will potentially change. 
System should be dynamic to 
change with his needs. Ongoing 
dynamic assessment is 
recommended. 
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Nutrition 0 Patient receives nutrition 0 Adequate nutrition supports optimal 
and hydration via tube cognitive function and learning 
feeding. 
Surgery 0 Information not obtained. 0 N/A 
Medication 0 Information not obtained. 0 N/A 
Length of time • Patient's condition is • Prognosis for speech-language-
( static/progressi progressively degenerative. cognitive symptoms not favorable 
ve) in the long-term; therefore, AAC 
needs will potentially change. 
• System should be dynamic to 
change with his needs. 
• Ongoing dynamic assessment is 
recommended 
Sensory 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Vision 0 No formal vision assessment 0 No restrictions for 
done. number/size/color/placement 
0 See Ophthalmology for /contrast of targets. 
additional details 0 No restrictions for backlighting 
0 Any screen should be placed 
closer to the left side away from 
the ptosis on the right eye. 
0 No restrictions on layout of 
device 
Hearing 0 Hearing appeared functional 0 Hearing status allows for options 
during interview. of either open/closed loop system, 
0 No formal hearing assessment depending on personal preference 
done at this time. 
0 Patient reported no trouble 
with hearing. 
Tactition 0 Does no appear functional due 0 Control-site must be above the 
to paralysis. neck due to locked-in state. 
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Motor 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Seating and 0 Patient has no trunk control and 0 DS will primarily 
positioning upright posture. He cannot communicate from a seated 
reposition himself and requires position in chair or lying 
manual adjustments. down in bed 
0 His wheelchair appeared to 0 The screen will need to be 
maintain proper body alignment for placed in the patient's line of 
him. vision. 
0 Trunk control and upright 
posture contribute to 
adequate breath support for 
potential speech, stamina in 
chair, and physical access to 
AAC tools 
Positioning 0 Frequently seated in wheel chair. 0 The screen will need to be 
of materials placed in the patient's line of 
.. VISIOn. 
0 Positioning of device should 
allow for manual control of 
wheel chair 
Ambulatory 0 Full-time ambulation using 0 Status of ambulation 
status and wheelchair. determines the use of aided 
ambulation 0 Currently using manual versus unaided 
with aided wheelchair. communication. 
system 0 Requires assistance to move 0 E.g. Using aided 
him about. communication 
(picture boards, high 
tech device) when 
stationary 
Control site: 0 Patient has mostly preserved ocular 0 The eyes and jaw appear to 
direct access motor control. He has some be potential control sites. 
limitations moving his right eyelid. 0 Patient is capable of making 
0 He can clench his teeth and have direct selections with an 
some lips and jaw movements. eyetracking device. 
0 Patient can operate an eyetracking 
device 
Control site: 0 Patient can operate eyetracking 0 Based on assessment, both 
non-direct device. direct and non-direct access 
access is appropriate for the _patient. 
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Control Site: 0 Patient has no volitional control of 0 Manual motor control is not 
Manual his extremities. appropriate. 
Motor 
Control 
Control Site: 0 Patient is nonspeaking. 0 Voice control is not 
Voice appro_2riate at this time. 
Control Site: 0 No functional vision assessment 0 Eye control may be a 
Eye control done. feasible option 
0 Ocular motor control appeared 
mostly preserved. 
Control Site: 0 Functional use ofvisual-
BCI 0 Patient showed strength in making based BCI may be limited 
selections in at least one switch of by ocular motor control. 
the an SSVEP-based BCI. 0 Based on the SSVEP 
performance, selection items 
should be placed in a 
vertical arrangement. 
Speech-Language-Cognitive 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Area Findings Effects on Feature Matching_ 
Speech 0 No history of speech 0 Currently nonspeaking. Speech 
intervention output on AAC device could be 
0 Patient functionally appropriate 
nonspeaking. 0 Nonspeaking status suggests the 
0 Requires constant need for a 24 hour AAC user to 
support for respiration. encourage communication 
Motor Speech 0 Patient with limited oral 0 No motor speech ability expected. 
motor capabilities. He Speech generating device may be 
can clench his teeth and appropriate. 
have some lips and jaw 
movements. 
Language 0 Patient reportedly no 0 Language comprehension suggests 
(Comprehension) difficulties in reading or college-level vocabulary and 
speech comprehension. syntax is appropriate to use in 
communication 
0 Reading abilities allows for use of 
the alphabet for AAC purposes 
0 DS should understand 
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superordinate categories and 
semantic associations, which will 
influence the organization of AAC 
device 
Language • He uses an eyetracking 0 Would benefit from both aided and 
(Production) device to interact with a unaided devices. 
computer interface to 
compose emails. 
• He can approximate 
letters with his mouth 
to spell words. His wife 
expands his 
approximations into 
complete sentences. 
• He is also capable of 
communicating via 
facial expressions with 
his eyebrows and an 
alphabet board. 
Communication 0 Patient clicks his teeth 0 Use of gestures/body 
(Interpretative) to get attention. language/facial expression for 
unaided communication strategies 
0 Document current gestures and 
their associated meanings 
Cognitive 0 Patient appears 0 Attention/speed of processing may 
cognitively intact. impact ability to learn new AAC 
0 Wife does not report any device. 
cognitive decline. She 0 Attention and speed of processing 
noted that he has may change throughout the 
excellent memory. progression of ALS 
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Behavioral 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Behavioral 0 Patient extremely pleasant to 0 Patient's behaviors does not 
during session. He is curious seem to limit adoption of an 
and is interested in learning AAC. 
the technology. 
Financial 
(based on interview, record review) 
Evaluation Findings Effects on Feature Matching 
Area 
Financial 0 Information not obtained. 0 NIA 
Family Support 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Family/Support 0 Patient's wife is extremely 0 He would benefit from a 
supportive and dedicated to voice output device to 
taking care of him. She is encourage independent 
constantly finding new ways to communication with friends 
improve his life. and family. 
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Appendix D 
Feature Matching Analysis 
JR 
Age: 31 years 
Diagnosis: Traumatic Brain Injury 
Speech: Functionally Nonspeaking 
Mobility status: Requires wheelchair 
Resides: with parents 
Feature Matching: 
Historical Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Developmental • Appeared normal, • Typical developmental history is a solid 
no developmental foundation for skills necessary to learn 
concerns mentioned AAC 
Medical • TBI in 2003 due to • The full impact of the brain injury on 
car accident. cognition is unknown. 
• Quadriplegia and minimal motor control in 
the head will greatly limit control sites 
0 May be appropriate for BCI or AAC 
utilizing residual ocular control 
0 Auditory scanning may be used due 
to intact hearing 
• Ambulation will impact placement of 
communication tools 
Educational • Patient finished • Vocabulary should not exceed 1 ih grade 
high school. level. 
• Patient was a 
bartender prior to 
TBI. 
Vocational • Prior to incident, • Patient will not be able to resume former 
patient was a vocation. AAC should improve 
bartender. communication for ADL. 
Social/ • Patient is cared for • Communication tools should give more 
Environmental options for ou_tput beyond yes/no. 
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by his parents. • Patient requires aided methods. 
• Vocabulary /phrases should include social 
pleasantries for a variety of ages, 
cultures, and social situations. 
Previous AAC • He communicates • Patient's best control sites are the eyes. 
Experience using eye blinks • May involve the use ocular motor control 
and some facial or attention 
expressions. 
0 Patient 
blinks make 
a selection 
Patient-Centered Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature 
Area Matchin_g 
JR (Primary) • LTG: To improve on the ability to • It appeared as though the 
communicate patient is motivated to 
(JR primarily 0 Patient believes that there improve his 
answered might be another method communication skills. 
questions that may help improve his 
through gaze communication. 
with help with • Hard to tell the patient's wishes as 
interpretation the patient was given only a binary 
from his choice to the question: Do you 
parents) hope to improve your ability to 
communicate? 
• Patient reported feeling hopeful 
and excited before and after the 
experiment. 
Parents • LTG: Parents hopes to find another • JR' s parents would 
(Secondary) way for patient to communicate welcome any way for him 
other than eye movements. to increase his expressions 
beyond yes/no and to 
improve reliability in his 
responses. 
69 
Medical Domain 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Area Findings Effects on Feature Matching 
Otolaryngology 0 Patient does not swallow. 0 Hearing status allows for 
0 Patient is non-speaking. options of either open/closed 
loop system, depending on 
personal preference 
0 Voice recognition is not an 
option for JR. 
Orthopedics 0 Patient is currently in a 0 Decision to use manual wheel 
wheelchair and requires chair will influence device 
assistance · to move about. placement/location/mounting. 
0 Patient's arms are constantly 0 Device should be easily 
spastic. removed/re-attached 
0 His paralysis will impact 
location of device 
0 Since the best control site for JR 
is at eye level, any device will 
have to be positioned to 
maximize the use of his eyes. 
0 Considerations should be given 
to the impact of the position 
with regards to interaction with 
conversation.partners 
Ophthalmology 0 No functional vision 0 Since there is a decrease in 
assessment conducted visual acuity, the patient would 
0 Father reported that the patient likely benefit from large fonts 
occasionally wears corrective and symbols. 
lenses for farsightedness. 0 The patient could likely benefit 
0 Patient reported not having from auditory feedback. 
difficulties reading fine print. 0 Since his volitional eye 
However, his father disagreed. movements are not reliable, the 
0 Patient can blink volitionally patient may benefit from aided 
but the action may be slow or AAC strategies/devices. 
delayed. It is difficult for the 
patient to control his 
involuntary blinking. 
0 He communicates using eye 
blinks and some facial 
expressiOns. 
0 JR's gaze deviates to the left. 
Psychiatry 0 No concerns mentioned. 0 NA 
70 
Neurology 0 TBI in 2003 due to car 0 JR's training of any AAC device 
accident. should be done in short sessions 
0 Parents reported that patient for maximize his focus. 
sometimes tunes out. 
Nutrition 0 Information not obtained. 0 Adequate nutrition supports 
optimal cognitive function and 
learning 
Surgery 0 Information not obtained. 0 NA 
Medication 0 Information not obtained. 0 NA 
Length of time • Patient's condition appear • Prognosis for speech-language-
( static/progressiv stable and not progressive. cognitive symptoms is not 
e) favorable as his communicative 
ability is unreliable, even to 
familiar communication 
partners. 
• System should be dynamic to 
change with his needs. 
• Ongoing dynamic assessment is 
recommended 
Sensory 
(based record review, reports from Otolaryngology, Orthopedics, Functional Vision 
Assessment, Hearing test, patient-parent interview) 
Evaluation Findings Effects on Feature Matching 
Area 
Vision 0 No formal vision assessment done. 0 See Ophthalmology for 
0 See Ophthalmology for additional details 
details 
Hearing 0 Hearing appeared functional for 0 Patient may benefit from 
during interview. auditory review 
0 No formal hearing assessment 
done at this time. 
0 Patient reported no trouble with 
hearing. 
Tactition 0 Tactition not observed to be 0 Tactition strategies would 
functional. likely be inappropriate 
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Motor 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Seating and 0 Patient has no trunk control and 0 . Patient will primarily 
positionmg upright posture. He cannot communicate from a seated 
reposition himself and requires position in chair or lying down in 
manual adjustments. bed 
0 His wheelchair appeared to 0 Patient can be positioned in an 
maintain proper body upright posture which contributes 
alignment for him. to adequate breath support for 
0 Patient' s head constantly stamina in chair, and physical 
turned to the left. access to AAC tools 
Positioning of 0 Frequently seated in wheel 0 AAC tools should be placed so 
materials chair. Patient's head is that Erik can see them easily. 
supported by a headrest. 0 AAC tools should be portable and 
0 Patient' s head constantly removable for easy set up. 
turned to the left. 
Ambulatory 0 Full-time ambulation using 0 Aided selection may be most 
status and wheelchair. appropriate for the patient 
ambulation 0 Currently using motorized 
with aided wheelchair. 
system 0 Requires assistance to move 
him about. 
Control site: 0 Patient has no volitional 0 Direction access not possible 
direct access muscle movement below the given the patient's current status. 
eyes. 
Control site: 0 JR has no volitional muscle 0 Electronic scanning may be best 
non-direct movement below the eyes. for the patient. 
access 0 Scanning should be slow 
Control Site: 0 Erik has no volitional muscle 0 Manual motor control is not 
Manual Motor movement below the eyes. appropriate for the patient. 
Control 
Control Site: 0 Erik is nonspeaking. 0 Voice control is not appropriate at 
Voice this time. 
Control Site: 0 No functional vision 0 Eye control may be a feasible 
Eye control assessment done option 
Control Site: 0 To be determined based on 0 The eyes are the only viable 
BCI current assessment control site for SSVEP. 
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Speech-Language-Cognitive 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Area Findings Effects on Feature Matching 
Speech 0 No history of speech 0 Currently nonspeaking. Speech 
intervention output on AAC device could be 
0 Currently nonspeaking. appropriate 
Speech abilities to be 0 Nonspeaking status suggests the 
determined need for a 24 hour AAC user to 
0 Respiration appears to be encourage communication 
preserved 
Motor Speech 0 Currently nonspeaking due 0 No motor speech ability expected. 
to locked-in state. No motor Speech generating device may be 
S}J_eech ability expected. appro_p_riate. 
Language 0 Patient reported not having 0 Vocabulary should be at a high 
(Comprehension) trouble understanding what school level. 
he reads. 0 Instructions should be given in 
0 Patient reported that he does short sessions to maximize the 
not have any trouble patient' s focus. 
understanding speech in 0 The output should be functional 
conversation. and appropriate for an adult 
0 Phrases presented should be short 
to easy cognitive load 
0 Display should have large fonts 
or graphics 
Language 0 Patient is non-speaking. 0 Would benefit from SGD 
(Production) 0 He communicates using eye 0 Output should be functional 
blinks and some facial 0 Reliability in output is important, 
expressions. as the patient's current method is 
not reliable. 
Communication 0 Patient occasionally appear 0 Use of blinks for unaided 
(Interpretative) to zone out when he has strategy. 
trouble understanding. 0 Keep messages short. 
Cognitive 0 Patient reported not having 0 Stamina of processing may 
trouble understanding what impact ability to learn new AAC 
he reads. device. 
0 Patient reported that he does 0 May increase training time 
not have any trouble 0 Require more short but 
understanding speech in frequent sessions 
conversation. 0 May require additional instruction 
and repetition when introducing a 
new skill 
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Behavioral 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Behavioral 0 Patient occasionally appear to 0 Patient appeared open to new 
zone out when he has trouble communicative strategies. 
understanding. 0 Monitoring energy level is 
important in training and 
implementation. 
Financial 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Financial 0 Information not obtained. 0 NA 
Family Support 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Family/Support 0 Patient's parents are extremely 0 The patient would benefit 
supportive and dedicated to from any device that gives 
taking care of him. He is him great message options 
constantly finding new ways to and reliability. 
improve his life. 0 His parents are very 
supportive of him and makes 
great effort to do anything to 
improve JR's communication 
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Appendix E 
Feature Matching Analysis 
ss 
Age: 64 years old 
Diagnosis: Progressive Supranuclear Palsy 
Speech: Minimal speech production 
Mobility status: Requires wheelchair 
Resides: with husband 
Feature Matching: 
Historical Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Developmental • Appeared normal, no • Typical developmental history is a 
developmental concerns solid foundation for skills necessary 
mentioned to learnAAC 
Medical • Patient diagnosed with • The status of SS's cognitive function 
Progressive is unknown. However, cognitive 
Supranuclear Palsey decline is associated with PSP. This 
(PSP). decline will likely affect SS's ability 
• Restless Legs Syndrome to learn new AAC strategies or her 
(RLS). effectiveness in using those strategies. 
• Corneal transplant • Due to RLS, SS's legs would not be 
resulting in loss of an appropriate control site. 
vision in right eye. • Poor ocular motor control associated 
with PSP would rule out eye-tracking 
devices as an AAC. 
• Ambulation will impact placement of 
communication tools 
Educational • Patient received a • The vocabulary set for this patient 
Master's degree. should be appropriate for an 
educated adult. 
Vocational • Patient was a high • Since the patient is retired, any AAC 
school math teacher. strategy should focus on 
• Patient retired in 2006 . communicative competence in ADL. 
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Social/ • Patient is cared for by • Communication tools should give SS 
Environmental her husband. an efficient way to express her 
thoughts. 
• AAC strategy should focus on 
communicative competence in ADL. 
• Patient requires aided methods . 
• Vocabulary/phrases should include 
social pleasantries for a variety of 
ages, cultures, and social situations. 
Previous AAC • She communicates using • Demonstrates desire to communicate 
Experience some eye movements, a variety of intents, which suggests 
some hand gestures, and increased motivation to learn AAC 
some • Slow movements associated with 
speech/vocalization. PSP may affect efficiency of manual 
• Patient also used signing. 
magnetic letter board to 
spell. 
• Patient beginning to 
learn sign language. 
Patient-Centered Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
S S (Primary) • LTG: To improve on the ability • It appeared as though the 
to communicate patient would like to 
0 Patient believes that there improve her 
might be another method that communication. She seems 
may help improve his open and willing to learn 
communication. new AAC strategies. 
0 STG: to reduce patient's • At this time, both aided and 
frustration unaided strategies are still 
0 Patient reported feeling hopeful available 
before the trials 
• Patient understand the current 
technology is only an 
experimental study 
Parents • LTG: Patient's husband hopes to • Given the tremendous 
(Secondary) improve her over all support that SS has 
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communication and to prolong available, both aided and 
her time at home. unaided strategies are 
• Patient and family understand the available. 
current technology is only an 
experimental study 
• The family would welcome any 
way for SS to improve her 
efficiency in communication 
Medical Domain 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Area Findings Effects on Feature Matchin2 
Otolaryngology 0 Information not obtained. 0 NA 
Orthopedics 0 Patient is currently in a 0 The use of a manual wheel 
wheelchair and requires chair will influence device 
assistance to move about. placement/location/mounting 
0 SS has some use ofher 
hands. 
0 Movements are slow 
and effortful. 
Ophthalmology 0 No functional vision 0 At the moment, SS still has 
assessment conducted some use of her eyes. 
0 Patient has no functional 0 Eye-tracking AAC may not 
vision out of left eye. be effective due to limited 
0 Patient has cornea transplant range of motion with viable 
in left eye. eye. 
0 Patient wears glasses. 0 Texts/symbols should be 
0 Patient has inadequate large in size due to decreased 
downward gaze. visual acuity 
0 Patient is slow to move eyes 0 May benefit from auditory 
laterally. review 
0 Patient with difficulty 
blinking. 
0 Patient reportedly has 
trouble scanning the page 
when reading. 
0 Patient has trouble reading 
fine print. 
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Psychiatry 0 No concerns mentioned. 0 NA 
Neurology • Patient diagnosed with 0 See Medical Domain above. 
Progressive Supranuclear 0 The most appropriate AAC 
Palsey (PSP). strategy will change due with 
• Restless Legs Syndrome the progression of PSP. 
(RLS). 
Nutrition 0 Inforniation not obtained. 0 Adequate nutrition supports 
optimal cognitive function 
and learning 
Surgery 0 Information not obtained. 0 No opportunity for message 
banking/pre-operative 
teaching. 
Medication 0 Information not obtained. 0 NA 
Length of time • Patient's condition is • Prognosis for speech-
(static/progressive) progressively degenerative. language-cognitive 
symptoms is not favorable 
due to the progressive nature 
ofPSP. 
• Primary goal is to maximize 
current abilities. 
• System should be dynamic to 
change with her needs. 
• Ongoing dynamic 
assessment is recommended 
Sensory 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Vision 0 No formal vision assessment 0 See Ophthalmology for 
done. additional details 
0 See Ophthalmology for additional 
details 
Hearing 0 Hearing appeared functional 0 Hearing status allows for 
during interview. options of either open/closed 
0 No formal hearing assessment loop system, depending on 
done at this time. personal preference 
0 Patient reported no trouble with 
hearing. 
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Tactition 0 Information not obtained. 0 Patient may have some use of 
tactition. This domain should 
be further tested before her 
condition worsens. 
Motor 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Seating and 0 Patient appeared to have 0 Patient will primarily communicate 
positioning some trunk control. from a seated position in chair or 
0 Patient appeared to maintain lying down in bed 
proper body posture and 0 Patient can be positioned in an 
alignment in while seated in upright posture which contributes to 
wheelchair. adequate breath support for stamina 
in chair, and physical access to 
AAC tools 
Positioning 0 Frequently seated in wheel 0 AAC tools should be placed and 
of materials chair. stored within reach of upper 
extremities 
0 AAC tools should be portable and 
removable for easy set up. 
Ambulatory 0 Full-time ambulation using 0 Aided and unaided selections are 
status and wheelchair. both viable at the moment. 
ambulation 0 Currently using manual 0 Devices should be attachable to a 
with aided wheelchair. manual wheelchair. 
system 0 Requires assistance to 
move her about. 
Control site: 0 Patient has some volitional 0 Assessment suggests using hands as 
direct access movement in arms. But viable control site. This may change 
movements are slow and with the progression of PSP. 
effortful. 0 Movement is slow and effortful 
0 Dwell time and touch enter/exit 
may need adjustments if necessary 
Control site: 0 Family reported that patient 0 Her current abilities demonstrate 
non-direct could operate remote functional use of non-direct access; 
access control to watch TV. therefore, this option may be 
appropriate in the future. 
Control Site: 0 Patient has some volitional 0 SS demonstrates some ability for 
Manual movement in both arms. But manual motor control. 
Motor movements are slow and 0 This method could be employed as 
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Control effortful. Patient can show an unaided communication strategy 
thumbs up/down. 
Control Site: 0 SS ' s speech is slow, 0 Voice control is not appropriate at 
Voice monotonous, and hoarse. this time. 
Intelligibility is reduced. 
Difficult to distinguish 
spoken "Yes" vs. "No" . 
Control Site: 0 No functional vision 0 Eye control may be a minimally 
Eye control assessment done feasible option 
Control Site: 0 Functional use ofvisual- 0 Functional use ofvisual-based BCI 
BCI based BCI may be limited may be limited by ocular motor 
by ocular motor control. control. 
0 In SSVEP tasks, there was 0 It is best that scanning options be 
significance in the patient's presented in a horizontal 
ability to focus on laterally. arrangement. 
Speech-Language-Cognitive 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Speech 0 No history of speech 0 Speech output on AAC 
intervention device could be appropriate 
0 Patient has very limited. 0 Current communication 
speech. status suggests the need for a 
0 Respiration appeared to be 24 hour AAC user to 
preserved encourage communication 
Motor Speech 0 Currently speech is slow, 0 Intervention should focus on 
hoarse, monotone, monopitch maintaining current ability. 
and reduced intelligibility. 
0 Dysarthric speech 
Language 0 Patient reportedly requires 0 Language comprehension 
(Comprehension) assistance when reading and suggests college-level 
having some trouble vocabulary and syntax is 
understanding what she reads. . appropriate to use in 
0 Patient reported that she does communication 
not have any trouble 0 SS should understand 
understanding speech in superordinate categories and 
conversation. semantic associations, which 
will influence the 
organization of AAC device 
80 
Language • She communicates using 0 Would benefit from both 
(Production) some eye movements, some aided and unaided devices. 
hand gestures, and some 0 Focus on expressive 
speech/vocalization. language in speech-language 
• Patient also used magnetic therapy 
letter board to spell. 0 Primary goal should be to 
• Patient beginning to learn maintain current abilities. 
sign language. 0 Encourage shorter, more 
• Patient tends to express efficient phrases. 
herself in long phrases. 
Communication 0 Patient gets frustrated when 0 Use of gestures/body 
(Interpretative) she cannot express herself. language/facial expression 
for unaided communication 
strategies 
0 Document current gestures 
and their associated 
meanmgs 
Cognitive 0 Patient reported having some 0 Attention/speed of 
trouble understanding what he processing may impact 
reads. ability to learn new AAC 
0 Patient reported that he does device. 
not have any trouble 0 Cognitive decline is 
understanding speech in associated with PSP. 
conversation. 0 May require additional 
instruction and repetition 
when introducing a new skill 
Behavioral 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Behavioral 0 Patient gets frustrated when she · 0 May benefit from an efficient 
cannot express herself. way to get her message out. 
Financial 
(based on interview, record review) 
Evaluation Findings Effects on Feature Matching 
Area 
Financial 0 Information not obtained. 0 NA 
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Family Support 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Family/Support 0 Patient husband is 0 SS benefits from the great support 
extremely supportive from her family. They are patient 
and dedicated to taking and willing to try new interventions 
care of her. He is with her. 
constantly finding new 0 Positive factor in the overall 
ways to improve her life. effectiveness of any intervention 
strategy. 
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Appendix F 
Feature Matching Analysis 
ER 
Age: 29 years 
Diagnosis: brainstem stroke after TBI 
Speech: Functionally Nonspeaking 
Mobility status: Requires wheelchair 
Resides: with father 
Feature Matching: 
Historical Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Developmental • Appeared normal, no • Typical developmental history 
developmental concerns is a solid foundation for skills 
mentioned necessary to learn AAC 
Medical • TBI and stroke 13 years ago • The full impact of the brain 
0 Father reported that the injury on cognition is unknown. 
patient has been • Quadriplegia and minimal motor 
quadriplegic for 13 control in the head will greatly 
years. limit control sites 
0 Patient reported not 0 May be appropriate for BCI 
having any trouble with or AAC utilizing residual 
hearing. ocular control 
0 Father reported that the 0 Auditory scanning may be 
patient has optical nerve used due to intact hearing 
damage, which causes • Ambulation will impact 
some visual distortions. placement of communication 
tools 
Educational • Finished 12111 grade. • Auditory feedback is important, 
• Was a student prior to TBI. as patient requires someone 
• Currently needs someone to reading to him. 
read to him, as he is • Vocabulary should not exceed 
unable/minimally efficient 1 i 11 grade level. 
at reading. 
Vocational • Prior to incident, patient • ACC should improve in 
was a student communication for ADL. 
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Social/ • Patient is cared for by his • Communication tools should 
Environmental father. give more options for output 
beyond yes/no. 
• Patient requires aided methods . 
• Vocabulary /phrases should 
include social pleasantries for a 
variety of ages, cultures, and 
social situations. 
Previous AAC • His primary means of • Demonstrates desire to improve 
Experience communication is by communication, which suggests 
moving his eyes vertically, increased motivation to learn 
up for yes, down for no. AAC 
• Used a letter board initially. • Patient's best control sites are 
After an episode of the eyes. 
pneumonia, his responses 0 May involve the use 
became erratic and slow. ocular motor control or 
• Patient may use attention 
vocalization to express 
distress or pain. 
• Father reported that they 
have "tried everything", 
including experimental 
studies. 
Patient-Centered Domain: 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature 
Area Matching 
ER (Primary) • LTG: To improve on the ability to • It appeared as though the 
communicate patient would like to 
(ER primarily 0 Patient believes that there improve his 
answered might be another method communication. 
questions that may help improve his However, any options 
through gaze communication. would have to 
with some help • Hard to tell the patient's wishes as demonstrate marked 
with the patient was given only a binary improvement with the 
interpretation choice to the question: Do you least amount of effort for 
from his hope to improve your ability to the patient to adopt. 
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father) communicate? 
• Patient reported feeling skeptical 
before and after the experiment. 
Parents • LTG: Father hopes to find another • The father would 
(Secondary) way for patient to communicate welcome any way for ER 
other than eye movements. to increase his 
expressions beyond 
yes/no and to improve 
reliability in ER's 
responses. 
Medical Domain 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Area Findings Effects on Feature Matching 
Otolaryngology 0 Patient does not swallow. 0 Hearing status allows for 
He receives nutrition and options of either open/closed 
hydration via tube feeding. loop system, depending on 
0 Patient is non-speaking. personal preference 
0 Voice recognition is not an 
option for ER. 
Orthopedics 0 Patient is currently in a 0 Wheel chair will influence 
motorized wheelchair and device 
requires assistance to move placement/location/mounting. 
about. 0 Device should be 
easily removed/re-
attached 
0 His paralysis will impact 
location of device 
0 Since the best control site for 
ER is at eye level, any device 
will have to be positioned to 
maximize the use of his eyes. 
0 Considerations should 
be given to the impact 
of the position of the 
AAC with regards to 
interaction with 
conversation partners 
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Ophthalmology 0 No functional vision 0 Since there is a decrease in 
assessment conducted visual acuity, the patient 
0 Father reported that patient would likely benefit from 
has optical nerve damage. large fonts and symbols. 
0 Father reported that patient 0 The patient would likely 
requires assistance in benefit from auditory 
reading. Patient requires feedback. 
someone reading to him. 0 Since his volitional eye 
No further details provided. movements are not reliable, 
0 Father reported that ER the patient may benefit from 
they bought a TV with a aided AAC strategies/devices. 
large screen to 0 
accommodate ER's visual 
acuity. 
0 Father reported that the 
patient occasionally wears 
corrective lenses for 
farsightedness. 
0 Patient reported not having 
difficulties reading fine 
print. However, his father 
disagreed. 
0 The patient's father 
reported that the patient 
"see things wavy". 
0 Patient can move his eyes 
up and down volitionally. 
Patient has limited 
volitional control over 
left/right movement. 
0 Patient can blink 
volitionally but the action 
may be slow or delayed. It 
is difficult for the patient to 
control his blinking. 
Psychiatry 0 No concerns mentioned. 0 NA 
Neurology 0 TBI and stroke 13 years 0 ER's training of any AAC 
ago device should be done in short 
0 Father reported that sessions for maximize his 
the patient has been focus. 
deaf and 
quadriplegic for 13 
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years. 
0 Patient reported not 
having any trouble 
with hearing. 
0 Father reported that 
the patient has 
optical nerve 
damage. 
0 Father reports that the 
client fatigues easily 
0 Can only focus for 
short periods of 
time 
0 Stamina decreases 
as cognitive 
load! concentration 
increases 
Nutrition 0 He receives nutrition and 0 Adequate nutrition supports 
hydration via tube feeding. optimal cognitive function and 
learning 
Surgery 0 No 0 No opportunity for message 
plastic/craniofacial/oncolog banking/pre-operative 
y related surgeries teaching. 
Medication 0 Information not obtained. 0 NA 
Length of time • Patient's condition appear • Prognosis for speech-
(static/progressive) stable and not progressive. language-cognitive symptoms 
is not favorable as his 
communicative ability is 
unreliable, even to familiar 
communication partners. 
• System should be dynamic to 
change with his needs. 
• Ongoing dynamic assessment 
is recommended 
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Sensory 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Vision 0 No formal vision assessment 0 See Ophthalmology for details 
done. 
0 See Ophthalmology for 
additional details 
Hearing 0 Hearing appeared functional 0 Patient may benefit from 
for during interview. auditory review 
0 No formal hearing assessment 
done at this time. 
0 Father reported that the patient 
has been deaf for 13 years. 
0 Patient reported no trouble 
with hearin_g. 
Tactition 0 Tactition not observed to be 0 Tactition strategies would 
functional. likely be inappro_priate 
Motor 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Seating and 0 ER has no trunk control and 0 Patient will primarily 
positioning upright posture. He cannot communicate from a seated 
reposition himself and requires position in chair or lying 
manual adjustments. down in bed 
0 His wheelchair appeared to 0 Patient can be positioned in 
maintain proper body alignment an upright posture which 
for ER. contributes to adequate breath 
support for stamina in chair, 
and physical access to AAC 
tools 
Positioning of 0 Frequently seated in wheel 0 AAC tools should be placed 
materials chair. ER's head is supported so that ER can see them 
by a headrest, which allows him easily. 
to focus on conversation 0 AAC tools should be portable 
partners naturally. and removable for easy set up. 
Ambulatory 0 Full-time ambulation using 0 Aided selection may be most 
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status and wheelchair. appropriate for the patient 
ambulation 0 Currently using 
with aided motorized wheelchair. 
system 0 Requires assistance to 
move him about. 
Control site: 0 ER has no volitional muscle 0 Direction access not possible 
direct access movement below the eyes. given the patient' s current 
0 His lateral tracking status. 
ability is poor based on 
observations. 
Control site: 0 ER has no volitional muscle 0 Electronic scanning in a 
non-direct movement below the eyes. vertical arrangement may be 
access 0 His yes/no response is not best for the patient. 
reliable, even with familiar 0 Scanning should be 
speakers. slow 
0 He fatigues easily, especially 
with tasks requiring 
concentration 
0 Ocular motor control is limited 
Control Site: 0 ER has no volitional muscle 0 Manual motor control is not 
Manual Motor movement below the eyes. appropriate for the patient. 
Control 
Control Site: 0 ER is nonspeaking. 0 Voice control is not 
Voice appropriate at this time. 
Control Site: 0 No functional vision assessment 0 Eye control may be a feasible 
Eye control done option 
Control Site: 0 Patient showed strength in 0 Functional use of visual-based 
BCI making selections in at least BCI may be limited by ocular 
one switch ofthe an SSVEP- motor control. 
based BCI. 0 Based on SSVEP 
0 In SSVEP tasks, there was performance, it is best that 
significance in the patient' s scanning options be presented 
ability to focus on up vs. down. in a vertical arrangement. 
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Speech-Language-Cognitive 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Area Findings Effects on Feature Matching 
Speech 0 No history of speech intervention 0 Currently nonspeaking. 
0 Currently nonspeaking. Speech Speech output on AAC 
abilities to be determined device could be appropriate 
0 Respiration appears to be 0 Nonspeaking status suggests 
preserved the need for a 24 hour AAC 
user to encourage 
communication 
Motor Speech 0 Currently nonspeaking due to 0 No motor speech ability 
locked-in state. No motor speech expected. Speech generating 
ability expected. device may be appropriate. 
Language 0 Father reported that patient 0 Vocabulary should be at a 
(Comprehension) requires assistance in reading. high school level. 
Patient requires someone reading 0 Instructions should be given 
to him. No further details in short sessions to 
provided. maximize the patient' s 
0 Father reported that patient focus. 
fatigues easily with increasing 0 The output should be 
demands of concentration, functional and appropriate 
especially with technical topics. for an adult 
0 Father reported that the patient 0 Phrases presented should be 
could read. short to easy cognitive load 
0 Father reported that the patient 0 Display should have large 
could follow multistep directions. fonts or graphics · 
0 Patient reported having trouble 
understanding what he reads. 
0 Patient reported that he does not 
have any trouble understanding 
speech in conversation. 
Language 0 Patient is non-speaking. 0 Would benefit from SGD 
(Production) 0 Patient may use vocalization to 0 Output should be 
express distress or pain. functional 
0 His primary means of expression 0 Reliability in output is 
is by moving his eyes vertically, important, as the patient' s 
up for yes, down for no. current method is not 
0 Not reliable reliable. 
Communication 0 Patient may use vocalization to 0 Use of eye gaze for unaided 
(Interpretative) express distress or pain. communication strategies 
0 His primary means of expression 0 Pay attention for distress 
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is by moving his eyes vertically, cues 
up for yes, down for no. 
Cognitive 0 Father reported that patient 0 Stamina of processing may 
fatigues easily with increasing impact ability to learn new 
demands of concentration, AAC device. 
especially with technical topics. 0 May increase training 
0 Father reported that the patient time 
could read. 0 Require more short but 
0 Father reported that the patient frequent sessions 
could follow multistep directions. 0 May require additional 
0 Patient reported having trouble instruction and repetition 
understanding what he reads. when introducing a new 
0 Patient reported that he does not skill 
have any trouble understanding 
speech in conversation. 
Behavioral 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Behavioral 0 Appeared cooperative 0 Patient appeared open to new 
communicative strategies. 
0 Monitoring energy level is 
important in training and 
implementation. 
0 
Financial 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Financial 0 Information not obtained. 0 NA 
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Family Support 
(Information was obtained through caregiver-patient interview, observation and 
questionnaire) 
Evaluation Findings Effects on Feature Matching 
Area 
Family/Support 0 ER' s father is extremely 0 The patient would benefit 
supportive and dedicated to from any device that gives 
taking care of ER. He is him great message options 
constantly finding new ways to and reliability. 
improve ER's life. 0 His father is very supportive 
of him and makes great effort 
to do anything to improve 
ER' s communication 
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